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SUMMARY 
Late blight caused by Phytophthora infestans (Mont.) de Bary is one of the 
most dreaded disease of potatoes world over including India. Crop losses may 
vary from 20-80% depending upon the cultivar and the region. In India average 
annual loss to potato due to the disease is reported to be 15%, valuing to Rs.60 
billion rupees. 
The problem of potato late blight has been compounded with the 
introduction of A2 mating type P. infestans from early 1980s in new areas. The 
detection of A2 mating type outside Mexico and subsequent possibility of sexual 
reproduction have put a question mark on the old established concept of late blight 
epidemiology (asexual reproduction) across the world. In light of new discoveries, 
there is need to study P. infestans population in every region/country with regard 
to migration and establishment of new population and its consequences on overall 
epidemiology of the disease. 
The major objective of present investigation were to conduct a detailed 
study on Ai and A2 mating type present in India in order to understand their 
aggressiveness, genetic variability and survival in nature. 
The aspects covered under the investigation include-
1) Prevalence of Ai and A2 mating types in different agro-ecological zones of 
India (temperate highlands and sub-tropical plains). 
2) Inter and Intra-seasonal variations in mating types. 
3) Comparative aggressiveness of the two mating types - effect of cultivars 
and the environmental factors. 
4) Competitiveness of Ai and A2 mating types. 
5) Oospore biology - their survival in nature and role in disease initiation. 
6) Variability in P. infestans with regard to isozymes in different agro-
ecological zones of India. 
Monitoring of P. infestans population for mating types across the country 
revealed that in temperate highlands (North-western and North-eastern hills) both 
Ai and A2 mating types were present in varying proportions. Whereas in sub-
tropical plains, A2 mating type was recorded only at few places. Data on 
comparative build-up of population of two mating types showed that A2 mating 
type is on the rise both in North-western and North-eastern hills. Within a span of 
three years (1996-98) population of A2 mating type increased from 76.1 to 86.5% 
in North-western hills and from 77 to 100% in North-eastern hills. In the case of 
sub-tropical plains, A2 mating type was for the first time detected in 1997 in low 
frequency (31.8%)) which increased to 36.8%» in 1998. This indicates that the new 
strain (A2 mating type) is more aggressive and would displace the old strain in due 
course of time. This was experimentally demonstrated by mixed inoculation of 
both Ai and A2 mating types in equal proportion and monitoring their population in 
subsequent clonal generations. Results have revealed that by 27th clonal 
generation, Ai mating type was completely displaced by A2 mating type. 
Comparative aggressiveness of two mating types was studied using 
detached leaves of seven potato cultivars having different grade of resistance to 
late blight starting form susceptible (Kufri Chandramukhi) to highly resistant 
(Kufri Giriraj). It was observed that A2 mating type was significantly more 
aggressive than A] mating type. No significant differences in aggressiveness of the 
two mating types were observed over varieties. However, inter-isolates variation 
in aggressiveness was recorded both in Aj and A2 mating types. The 
aggressiveness on the basis of composite fitness index (CFI) on seven potato 
cultivars has also revealed that A2 mating type was comparatively more aggressive 
than Ai mating type (CFI 30746 and 24625, respectively; LSD (o.os) = 32.96). 
Inter-isolate variation with regard to CFI were recorded in both the mating type 
isolates. Study on the blight development on tubers under Indian storage conditions 
have also proved greater aggressive nature of A2 mating type than Ai mating type. 
Aggressiveness of A2 mating type at 15, 18 and 21°C was found to be 
slightly greater than Ai mating type on the detached leaves of cultivars Kufri 
Chandramukhi and Kufri Jyoti. Interaction between temperature regimes and 
cultivars was also statistically non-significant. Similarly, interaction between 
temperature x mating type and mating type x cultivar were also non-significant. 
Inter-isolates variations were recorded in both the mating types. However, 
interaction between isolate x temperature, isolate x cultivar and isolate x cultivar x 
temperature were non-significant. Data on the effect of temperature on 
zoosporangial germination of the two mating types showed that germinability of 
A2 mating type (mean over isolates and temperature regime) was significantly 
higher than Aj mating type (64.91 and 49.45% in A2 and Ai mating type, 
respectively). Inter-isolates variations were observed among both the mating 
types. 
Interaction between mating types and RH revealed that A2 mating type 
isolates were more aggressive both at 85 and 100% RH. However, differences 
were more pronounced at 100% RH (CFI 70588 and 55075, in A2 and A, mating 
type, respectively; LSD (o.os) = 64.83). Inter-isolate variations were pronounced in 
both the mating types. 
P. infestans isolates collected over the years (1993-1999) from different 
geographical regions of India were analysed for two isozymes viz., Glucose-6-
phosphate isomerase {Gpi) and Peptidase {Pep). A total of 7 Gpi genotypes viz., 
90/90, 100/100, 111/111, 107/107, 100/111, 100/10) and 107/111 and 3 Pep 
genotypes viz., 83/83, 92/92, 100/100 were recorded in Indian population. Of 
these, 3 Gpi genotypes viz., 107/107, 107/111, 100/107 are unique and are new 
additions to the global marker database for P. infestans. Comparison of P. 
infestans population revealed that sub-tropical population was more variable (7 
genotypes) at Gpi locus as compared to temperate highlands (5 genotypes). 
Differences in Gpi genotypes were also observed within sub-populations. 
Genotypic constitution also varied from location to location and year to year. 
Analysis of old (prior to introduction of A2 mating type) and the new populations 
(after 1997 when the A2 mating type was introduced in the plains) in the sub-
tropical plains revealed that old population consisted of only two genotypes, Gpi 
100/100, Pep 92/92, A, mating type and Gpi 100/100, Pep 100/100, A, mating 
type. New genotypes were detected in 1997 immediately after introduction of the 
A2 mating type. This suggests that P. infestans is reproducing sexually in nature. 
Occurrence of both the mating types and formation of oospores in nature 
have been demonstrated in India. However, it was not understood whether 
p. infestans oospores do survive, germinate and/or serve as primary source of 
disease in the next crop season. Present study carried out on oospores survival and 
their germination has revealed that viability as well as the germinability of the 
oospores gradually decrease with the increase in burial time. At the beginning of 
the next crop season, 32.4% of the oospores remained viable and germinated in 
distilled water after 50 days incubation. 
Investigation on role of oospores as primary source of the disease in the 
subsequent crop season showed that P. infestans oospore were able to infect the 
potato plant under high humidity and soil moisture. Based on above findings, the 
life cycle of P. infestans under temperate highlands is proposed to occur also 
through sexual reproduction. 
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INTRODUCTION 
The nature has designed only a few crops that are capable of nourishing 
the ever increasing population of the world, and potato {Solarium tuberosum L.) 
is one of them. It is widely grown across the globe and is the fourth major crop 
after wheat, maize and rice (FAQ, 1998). Potato produces highest dry matter and 
protein per unit area and time. It provides good carbhydrates, proteins, minerals, 
vitamin C and a number of vitamins of B group. It also provides a good quality 
fibre in diet, hence being a good source of roughage (Shekhawat and Naik, 1999). 
The potato is highly prone to a large number of diseases, some of which 
are epiphytotic in nature, whereas others are endemic in some areas/regions. Out 
of 71 diseases recorded on potato, 50 are caused by fungi alone (Singh, 1986), Of 
these, 45 are economically important (Turkensteen, 1978). Late blight caused by 
Phytophthora infestans (Mont.) de Bary, is one of the most devastating diseases 
of potato (Plate 1). The fungus was originated from Andes region in Central and 
South America, the home of potato and has gradually spread to other parts of the 
world. By early 19th century it started appearing all over Europe and assumed 
disastrous proportions during 1844-45. leading to a worst ever famine, the Irish 
potato famine (Large. 1940). One million people died of starvation and another 
mniion and a half migrated to the United States and other parts of the world 
(Wester., 1971). Tl.e extent of loss caused by the disease can be gauged from the 
fact that potatoes worth six million pounds were destroyed in Ireland alone in 
1879. The position was no different in Great Britain where tiii 1939, about 5 
Plate 1. 
Fig. 1: Potato crop infected with late blight showing plenty of stem 
infection 
Fig. 2: Field view of potato crop completely killed by late blight 
Fig. 3: Close up late blight infected plant showing both leaf and 
stem infection 
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million pounds worth of crop was lost annually (Smith, 1962). Present estimates 
revealed that late blight causes losses to the tune of over three billion US dollar 
every year in the developing countries (CIP, 1997). 
In India, late blight was first recorded sometime between 1870 and 1880 
in Nilgiri hills in South (Butler, 1918). Later, it was observed in northern parts of 
Darjeeling in 1883 (Dastur, 1917). In Himachal Pradesh, the fungus was recorded 
in Shimla hills in 1902 (Butler, 1903). Since late 1940s, . the disease has spread 
to all the nook and comer of the country wherever potatoes are grown 
(Bhattacharyya et al, 1990). Its attack in the plain is erratic. Generally, it appears 
once in two-three years and causes substantial economic loss. In the eastern plains 
like Bihar, West Bengal and Orissa, late blight appears almost every year, but 
causes economic loss only in few years when weather becomes congenial for the 
development of the fungus (Bhattacharyya et al, 1990, Singh et al, 1993). The 
loss to potato are more in hilly regions where crop is grown under rain-fed 
conditions, the conducive environment for the fungus and the disease assumes 
epiphytotic form each year. The disease may decrease the yield of potato by 21-
74% in Shimla hills, 11-38 % in Muketesshwar hills, 33-65% in Darjeeling hills 
and 32-39% in Ooty hills. Recent trials have revealed that loss may go as high as 
90%) (Singh and Shekhawat, 1999). In the plains, crop losses mainly depend on 
the time of disease appearance and its severity. In the years, when the disease 
appears early in the season (November/early December) due to intermittent 
winter rains and dense fog, and continues to build-up throughout the crop season. 
the losses may go upto to 75%. However, losses are insignificant when the 
disease appears late in the season (late January/February). 
Ever since the fungus, P. infestans was established to be the causal agent 
of potato late blight by Anton de Bary in 1873 it has been continuously monitored 
and studied world over as a fungus per se and as a model plant pathogen. P. 
infestans-'poXdiXo patho-system has served as a model to illustrate various 
fundamental concepts in the field of plant pathology. 
P. infestans is heterothallic in nature and requires two mating types 
designated as A, and A2 for sexual reproduction. The fungus had co-existed with 
potato for centuries in Central Mexico, the home of potato. The two mating types 
of the fungus were found to occur in equal proportion (50:50) in Central Mexico 
(Gallegly and Galindo, 1958; Smoot et al., 1958; Gallegly and Niederhauser, 
1959). In rest of the world, only A, mating type was known to occur. Situation, 
however, has changed with the discovery of Aj mating type from Switzerland in 
early eighties (Hohl and Iselin, 1984). Subsequently, Aj mating type has been 
recorded from many countries in Europe, America (Spielman et al., 1991; 
Drenth et al. 1993b; Fry et al.. 1993), and Asia (Mosa et al., 1989; Singh et 
al., 1994). Eversince migration of Aj mating type from Mexico to other parts of 
the globe, it has built-up gradually in new areas. In some countries like Israel, it 
has almost displaced the old population (A, mating type) (Grinberger et al., 
1989), whereas in Japan, parts of U.S.A. and Canada, it is at the verge of 
displacing (Mosa etal., 1989; Deahletal., 1995; Chycoski and Punja, 1996). 
However, there are still some areas where Aj mating type population is low 
(Andrivon et al, 1994) or where it has not been detected at all (Fry et al, 1993). 
Since, the displacement of A, mating type by A2 mating type has been 
very rapid in most of the regions (Spielman et al, 1991), it is believed that the 
new population is more fit and aggressive than the old population (Fry et al, 
1992, 1993). Genetic diversity in the populations has also increased in some 
countries like Holland after 1980 (Drenth et al, 1994), where over 90% of the 
isolates identified had a unique genotype, suggesting that every year late blight 
was caused by different genotypes. 
The producton of oospores by P. infestans in the field and their survival 
under natural conditions has become a subject of intense study since migration 
of A2 mating type outside Mexico. There are indications that P. infestans 
reproduces sexually in several parts of the world and produces thick walled 
oospores (Flier and Turkensteen, 1999). The role of oospores in overall 
epidemiology of the disease (outside Mexico) is now being worked out 
vigorously (Smoot et al, 1958; Pittis and Shattock, 1994; Medina and Piatt, 
1999; Stromberger e/a/., 1999). 
Introduction of A2 mating type in new areas, its establishment over the 
years and possibility of sexual reproduction in nature outside Mexico has put a 
question mark on the old established concept(s) of late blight epidemiology 
across the world. In light of new discoveries there is need to study P. infestans 
population in every region/country with regard to migration and establishjuent of 
new population and its consequences on the overall epidemiology of the disease. 
In India, study will be more important as Aj mating type has already been 
detected (Singh et al, 1994). 
The major objectives of the present study were to conduct a detailed study 
on A, and Aj mating types present in India in order to understand their 
aggressiveness, genetic variability and survival in nature. The study would help 
fill in the critical gap in our knowledge, especially with regard to survival of the 
fungus in soil. To achieve the objectives following aspects were studied: 
1. Prevalence of A, and Aj mating types in different agro-ecological zones of 
India, 
2. Inter and Intra-seasonal variations in mating types. 
3. Comparative aggressiveness of the two mating types- effect of cultivars and 
the environmental factors. 
4. Competitiveness of A, and Aj mating types. 
5. Oospore biology-their survival in nature and role in disease initiation. 
6. Variability in P. infestans with regard to isozymes in different agro-ecological 
zones of India. 
REVIEW OF LITERATURE 
The potato originated from Andean region of South America. The Inca 
Indians first cultivate potato in 200 B.C. (Scott, 1976). The Spanish conqueror 
found the Incas growing potatoes, which they called papa. They introduced it into 
Spain from where it spread into Italy and then into central Europe. In India potato 
was, although introduced in 16th or early 17th century from Europe (Shekhawat 
and Naik, 1999), but it was only since the beginning of the last century that potato 
has become an important crop in the country. Nov/, it covers an area over 
12,08,900 ha and accounts for 0.65 per cent of total cropped area in India 
(Shekhawat and Naik, 1999). It is grown in almost all the states and under very 
diverse conditions. The total potato production in India at present is 1,76,52,300 
tones from an area of 12,08,900 ha with an average yield of over 19.2 tones/ha. 
Late blight caused by Phytophthora infestans (Mont.) de Bary is one of 
the most destructive diseases of the cultivated potatoes. This disease first 
occurred in the North-eastern United States in 1843 (Peterson et al, 1992) and 
in Europe in 1845 (Bourke, 1991). Its real impact as a crop plant destroyer was, 
however, realised when staple potato crop was totally annihilated in Ireland 
during 1845 and 1846. The most immediate effect was poverty and starvation, 
which led to profound socio-economic consequences throughout the Europe 
(Large, 1940; Gregory, 1983; Bourke, 1991). Since then several monographs and 
reviews have been written which have given excellent account of pathogen and 
the disease (Crosier, 1934; Black, 1952; Smith, 1962; DeWeille, 1964; Hori, 
1964; Gallegly, 1978; Erwin et al, 1983; Niederhauser, 1986; CIP 1989; Lucas 
et al. 1991; Fry et al, 1993; Erwin and Riberio, 1996; Goodwin, 1997; Singh and 
Shekhawat, 1999). 
Disease proiile in India 
In India, potato is grown under diverse agro-climatic conditions ranging 
from sub-tropical plains to tropical and temperate highlands (Singh and 
Shekhawat, 1999). The disease profile, therefore, varies with the region. Late 
blight in India was first recorded in the Nilgiri hills (Tropical highland^ between 
1870 and 1880. In the northern part, it appeared for the first time in 1883 in 
Darjeeling and spread rapidly to adjoining hills (Butler, 1903; Dastur, 1917). It 
was observed in Khasi hills (North-eastern Region) in 1885, Kumaon hills in 
1897 and in Shimla hills (North-western hills) in 1902 (Butler, 1903; Dastur, 
1915). In the sub-tropical plains, late blight was first observed in 1898-1900 in 
Hoogly district of West Bengal and continued to appear in severe form during the 
following two years (Butler, 1903). Later, it was not observed anywhere in the 
plains for about a decade. In 1913, it appeared at several places in Assam and 
Bihar (Basu, 1913; Dastur, 1917; Dey, 1947; Lai, 1949; Woodhouse and Dutt, 
1913). In plains of Uttar Pradesh, it was reported first in 1943 in Dehradun and 
Meerut (Lai, 1949). Severe attack of the late blight was observed in Meerut 
district in 1949, 1950 and 1951 and subsequently in many other districts of Uttar 
Pradesh (Dutt, 1979). In Punjab, the disease occurred annually from 1958 to 1963 
except during 1961 (Srikantaiaya, 1962). Potatoes were growing continuously 
in Mahabaleshwar hills and other parts of Maharashtra but late blight was 
observed there only in 1973 (Kadam et al., 1974). In Gujarat and Madhya 
Pradesh, the disease was observed in traces in 1968 and in Rajasthan in 1958 
(Dutt, 1979). 
Crop Losses 
Late blight is a highly destructive and explosive disease, and has a 
potential to annihilate the entire crop within a week. For this reason, 
agriculturists a''e seriously concerned with the disease throughout the world. 
Despite all out efforts directed towards its management, the disease keeps causing 
serious crop losses regularly in hills and intermittently in plains. Monitorial 
losses of more than US $ 200 millions to potato and tomato in United States due 
to late blight was estimated during 1994, of which, crop losses accounted to US 
$ 100 millions and US $ 100 millions were spent on control of the disease (Fry 
and Goodwin, 1995). The disease is responsible for US$ 3.25 billions annual loss 
to potato in developing countries (CIP, 1997). Region-wise economic importance 
of late blight assembled in a database at CIP (CIP, 1997) shows that the disease 
had its highest toll on potato in Sub-Saharan Africa (44% crop losses), followed 
by Latin America (36%) and Caribbean (36%) South-East Asia (35%), South-
west Asia (19%), and Middle east and North Africa (9%). 
In India, losses range between 21-74% in Shimla hills, 11-38% in 
Mukteshwar hills, 33-65% in Darjeeling hills and 32-39% in Ooty hills. Losses 
have gone high during the last few years in sub-tropical plains. During 1997-98 
disease severity in Punjab, Haryana and Uttar Pradesh was very high, being 100% 
in susceptible cultivars and, 15-40% in resistant ones, in Bihar disease severity 
varied from 70-100%, upto 90% in Assam and 75% in Madhya Pradesh. In West 
Bengal crop losses were upto 80% due to the disease (CPRI, 1999). 
The Pathogen 
P. infestans (Plate 2) belongs to oomycetes. The fungus mycelium are 
coenocytic and diploid in nature and lack chitin in cell wall. Mycelium produces 
branched sporangiophores of unrestricted growth. Lemon shaped zoosporangia 
are produced at the tips of sporangiophores. P. infestans is hetrothallic in nature 
having A, and A2 mating types. It requires both mating type strains to produce 
oospore, which is the means for sexual reproduction. Oospores are thick walled 
and can survive under adverse condition. In addition to sexual oospores abundant 
zoosporangia may produce in nature, which are the vehicle of asexual 
reproduction. Zoosporangia are adapted for aerial dispersal and germinate 
directly or indirectly. Indirect germination takes place at low temperature 
through releasing the biflagellate zoospores. Direct germination is favoured by 
high temperature at which zoosporangia germinate through germtube directly. A 
relative humidity of above 90% is necessary for reproduction of both types. 
Detection of A2 mating type 
Phytophthora infestans, the causal agent of potato and tomato late blight 
is heterothallic in nature and requires two distinct mating types designated as A, 
and A2 mating types for sexual reproduction. Prior to 1980s, occurrence of both 
the mating types was restricted to Mexico only (Gallegly and Galindo, 1958) 
where both mating types were known to occur in approximately equal proportions 
(Niederhauser, 1956; Gallegly and Galindo, 1958; Tooley et al, 1985). In rest 
Plate 2. 
Fig. 1: Phytophthora infestans sporangiophore and zoosporangia 
Fig. 2: P. infestans zoospores released from zoosporangia 
Fig. 3: Germinating zoospore 
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of the world, only A, mating type was known to occur. Situation, however, 
changed dramatically in early 1980s, when Aj mating type was detected in 
Switzerland in 1981 (Hohl and Iselin, 1984) and since then it has been reported 
from several countries across the globe (Malcolmson, 1985; Shaw et al., 1985; 
Schober and Rullich, 1986; Frinking et al, 1987; Ogoshi et al, 1988; Ritch et al, 
1990; Fry et al, 1993; Singh et al, 1994; Goodwin, 1997). Aj mating type has 
been reported from England and Wales in 1981 (Tantius et al, 1986), Isreal in 
1983 (Grinberger et al, 1989), Egypt in 1985 (Shaw et al, 1985) and Germany 
in 1986 (Schober and Rullich, 1986), Japan in 1989 (Mosa et al, 1989). During 
1990s, A2 mating type has been detected in USSR (Vorob'eva et al, 1991), USA 
(Deahl et al, 1991; 1995), Belarus (Ivanyuk and Konstantinovich, 1992), the 
Netherlands (Drenth et al, 1993b), India (Singh et a/., 1994), Pakistan (Ahmad 
and Mirza, 1995), Northern Ireland (Cooke et al, 1995), Canada (Chycoski and 
Punja, 1996). Recently, Aj mating type has been reported from France (Gilet, 
1996), China (Zhiming et al, 1996), Hungary (Bakonyi and Ersek, 1997; 
Bakonyi et al. 1998) and Italy (Cristinzio and Testa, 1997). The information 
reveals that A2 mating type has spread far and wide. However, there are still 
some countries like Columbia, Peru, Ecuador, Phillipines, Taiwan and Australia 
where Aj mating type has not yet been detected (Fry et al, 1993; Forbes et al, 
1997; Nustez, 1999). 
Global migration oi Phytophthora infestans 
Discovery of Aj mating type outside Mexico has been ascribed to recent 
migration of P. infestans from Mexico to rest of the world through seed tubers 
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(Fry et al., 1993). The new population now occurs in most parts of the world. 
Enough data have accumulated to propose hypothesis about the chronology and 
pathways of past migrations (Fry et al., 1992; 1993; Fry and Goodwin, 1995). 
Migration from Mexico probably occurred on atleast four occasions beginning 
with the 1840s. Because of limited opportunities for migration, there was 
probably no more gene flow of P. infestans until the 1970s. A second migration 
was first noticed in 1984 in Switzerland, with discovery of the Aj mating type in 
isolates collected in 1981 (Hohl and Iselin, 1984). Isolates with the Aj mating 
type and new isozyme genotypes were collected in the Netherlands and eastern 
Germany as early as 1980 (Daggett et al. 1993; Drenth et al, 1994). These 
genotypes had spread throughout Europe (Shattock et al, 1990; Fry et al, 1991; 
Spielman et al, 1991; Drenth et al, 1993a; Tooley et al, 1993; Andrivon et al, 
1994; Goodwin et al, 1994; Sujkowski et al, 1994), Middle East (Goodwin et 
al, 1994), Africa (Goodwin et al, 1994) and South America (Fry et al, 1993) by 
the early 1990s. In addition to the Aj mating type, this migration also introduced 
new A, mating type genotypes (Spielman et al, 1991), many more DNA finger 
print bands (Drenth et al, 1993a; Goodwin et al, 1994; Sujkowski et al. 1994) 
and additional mt DNA haplotypes (Goodwin, 1991; Drenth et al. 1993a; 1993b; 
Shattock and Day, 1996). The new genotypes were more pathogenic and rapidly 
displaced the old clonal lineage (Spielman et al, 1991; Fry et al, 1993; 
Sujkowski etal,\994; Shattock and Day, 1996). Thus, the migration had a huge 
effect on gene flow. 
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A third migration of P. infestans out of Mexico appears to have occurred 
during the late 1970s, this time from North-westem Mexico into the United States 
(Goodwin et al, 1994). Evidence for this is less certain than for the previous two 
migrations. Late blight epidemics occurred in Southern California on potato and 
tomato crops in 1979 after a lapse of 32 years (Vartanian and Endo, 1985a; 
1985b). One isolate from California in 1982 had the US-6 genotype (A,, 
metalaxyl resistant), which had not been detected previously in the United States 
(Goodwin et al, 1994). However, US-6 was by far the most common genotype 
in North-western Mexico in 1989 (Goodwin et al, 1992). All US-6 isolates 
tested so far infect both potato and tomato, whereas most US-1 (A,, metalaxyl 
sensitive) isolates only infect potato (Goodwin et al., 1995b). The reappearance 
of blight epidemics on potato and tomato after 32 years, coupled with the 
recovery of unknown US-6 genotype, which is highly pathogenic to both potato 
and tomato crops, provides strong circumstantial evidence that these epidemics 
were caused by migration of new genotypes, probably fromNorthwestem Mexico. 
In contrast, evidence for the fourth migration is quite clear. This 
migration brought new genotypes from Northwestern Mexico into the United 
States and Canada. Two new genotypes of Aj mating type, US-7 and US-8 were 
detected in the United States in early 1992 (Goodwin et al, 1995a). These 
genotypes were highly resistant to metalaxyl (Goodwin et al, 1996). Both 
genotypes had spread throughout the United States and into Canada by 1994 
(Goodwin and Fry, 1994; Fry and Goodwin, 1997). 
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Recent studies have provided clear evidence for other possible migrations 
of P. infestans from Mexico into Asia (Koh et al., 1994). One of the clone in 
Asia (JP-1) is quite different from genotypes in other areas (Goodwin et al, 1994) 
and may has originated from a separate introduction. Similarly, isolates 
representing single clones in Australia, Bolivia, Brazil and Costa Rica have 
unusual genotypes (Goodwin et al., 1992) that probably were not introduced 
during any of the four known migrations. 
Population dynamics of A, and Aj mating types 
Despite introduction of Aj mating type in different parts of the world, its 
further build-up vis-a-vis the old population (A, mating type) has not followed 
a definite trend. Frequency of A, and A2 mating types in Mexico had remained 
unchanged i.e., 50:50 ever since the discovery of Ajmating type (Goodwin et al., 
1992). However, in most of the countries, barring few, the new strain (A2 mating 
type) has already taken over, or fast displacing the old strain (A, mating type) 
(Spielman et al., 1991). Daggett et al. (1993) reported increase in Aj mating type 
frequency from 0-12.5% during 1976-90 in Germany. The Aj mating type was 
very rare during 1987-91 in USA and Canada (1.3%) (Goodwin et al, 1994). 
However, by 1992-93, its population increased to 61% (Goodwin et al, 1995a). 
Similar results were obtained by Deahl et al ('1995) in Florida and Texas. 
Frequency of Aj mating type further increased to 84%) in 1994 (Goodwin et al, 
1998). Frequency of A2 mating type varied with the year, location and a crop 
season at a new location. Aj mating type occurred at a higher proportion 
throughout the season in Western Canada during 1993 and 1994. However, in 
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1995, it was rarely recovered and A, mating type predominated. In eastern Canada 
in 1994, the A, mating type was recovered at a higher frequency than the A2 mating 
type in July but most collections later were of mixed mating types (Chycoski and 
Punja, 1996). Analysis of Canadian population in 1997 revealed that only 8% isolates 
were A, and 92% were Aj mating type (Daayf and Piatt, 1999). Aj mating type 
population has also increased very fast in Wisconsin, USA during the last few years. 
Its frequency was 20% in 1993 which increased 74% in 1994 and to 89% in 1995 
(Marshall-Farar e/a/., 1998). 
In Vancouver Island and Pemberton of Canada complete displacement of A, 
mating type has taken place by 1996, whereas it was at the verge of displacement at 
places like Laudner. At Chillivac, the two mating types were in equilibrium (Chycoski 
and Punja, 1996). Contrary to this, build up of Aj mating type in most of the European 
countries including UK, Germany, France, the Netherlands and Ireland has been slow 
(Therrien et al., 1989; Gotz, 1991; O'sullivan and Dowley 1991; Andrivon et al, 
1994; Day and Shattock, 1997). In France, during 1988-92 the frequency of Aj mating 
type was very low (0-1%) (Andrivon et al., 1994) and it could not be detected at all 
during 1992-94. In 1995, it was again detected at a low frequency (1.5%) which 
increased to 7.6% in 1996 (Lebreton et al, 1998). Almost similar pattern was 
observed in the United Kingdom; during 1985-88, the frequency of Aj mating type 
was 8.6, 15.1, 7.9 and 6.7%, respectively (Shattock et al, 1990). The proportion of Aj 
mating type isolates found during 1993-95 was considerably lower (1.3%) than 
reported during 1985-88 (Day and Shattock, 1997). In northern Island, frequency ofAj 
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isolates from 1987 onwards was 3% (Cooke et al, 1995), whereas in Irish isolates 
the frequency was 23% during 1988-89 (Tooley et al, 1993). 
Phytophthora infestans aggressiveness 
Many studies have documented differential aggressiveness among the 
isolates of P. infestans. Castronovo et al. (1954) reported varied infectivity, 
incubation period and sporulation of isolates. Studies showed that variation in 
infectivity among isolates of the same race on the whole plant was as high as 
among the isolates of different races (Knutson and Eide, 1961). 
Variations in relative aggressiveness have been observed between isolates 
from the old clonal lineage and A, compatibility type isolates from the sexually 
reproducing population found in Mexico on intact plants (Tooley et al., 1986). 
Another study conducted on detached leaflets showed that US-7 and US-8 
isolates had shorter latent period than the US-1 isolates and US-8 isolates 
produced larger lesions and more sporangia than US-1 isolates (Kato et al, 1997). 
Lambert and Currier (1997) observed that US-6, US-7 and US-8 isolates caused 
tubers to rot substantially faster than US-1 isolates. Differences in some fitness 
components were detected between old and new genotypes in the United States 
(Kato and Fry, 1995). Furthermore, metalaxyl resistant isolates produced 
significantly larger lesions than did sensitive isolates in Israel (Kadish et al, 
1990) although they may not survive as long the sensitive isolates survive in 
potato tubers (Kadish and Cohen, 1992). Peters et al (1999) observed that most 
of the isolates of recently introduced genotype US-7, US-8 in Canada were more 
aggressive on tuber tissue than the isolate of traditional old genotype. They 
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further reported variation in the aggressiveness of the isolates within the new 
population. Fry (1999) reported that new strains are a greater threat to potato 
production than was the previously dominant populations. Hence, epidemiology 
of late blight may be modified due to introduction of new strains of P. infestans. 
Effect of environmental factors on P. infestans aggressiveness 
Aggressiveness of P. infestans is affected by several factors. Out of which 
temperature and humidity are most important (Crosier, 1934; Hirst and Stedman, 
1960; Harison and Lowe, 1989). The optimum temperature for fungus 
development is found to be 16-24°C (Sujkowski, 1987). A lower temperature of 
12-13°C favours indirect germination of zoosporangia. Temperature higher than 
20°C with the optimum of 24°C favours direct germination. 
Relative humidity is important during sporulation, zoosporogenesis, 
zoosporangial germination and their survival (Hirst and Stedman, 1960; 
Glendinning et al, 7963; Rotem and Cohen 1974; Warren and Colhoun, 1975; 
Minogue and Fry 1981; Harrison and Lowe, 1989). Relative humidity also plays 
a very important role in sporangial maturation, germination and infection. Crosier 
(1934) and De Weille (1963) studied the biology of P. infestans in detail and 
examined the effect of relative humidity on P. infestans per se and disease 
development. The classic study made by Crosier (1934) under controlled 
environment revealed that the sporangia are formed at 91-100% relative humidity 
and that a completely saturated atmosphere is necessary for abundant spore 
production. High humidity has been found critical for sporulation under field 
condition (Keay 1953; Clayson and Robt-rtson 1956; De Weille, 1963). 
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Quantitative effect of relative humidity on spore production was studied by 
Harrison and Lowe (1989). 
Intra-isolate variation 
The variability in P. infestans is revealed by the continuousappearanceof 
new pathogenicity factors in the field and sectoring of fungus colonies in the 
laboratory. Giddings and Berg (1919) and Berg (1926) were the first to report 
variation in P. infestans population. Pathological specialization (race) within 
potato isolates was reported after almost seven years of introduction of resistant 
hybrid/potato cultivars having R-genes in Germany by (Schick, 1932). However, 
universal appearance of races or atleast their detection started from early 1950s 
when resistance genes from Solanum demissum were transferred to commercial 
potato, Solanum tuberosum. 
Although scientists were more concerned about the variation in natural 
populations of P. infestans with regard to physiological races, there are several 
reports on variation among isolates of same race (Black, 1952; Castronovo et al, 
1954; Knutson and Hide, 1961; Paxman, 1963). In such studies, intra-racial 
variation in pathogenic ability was revealed by difference in incubation period, 
generation time, rate of spread through host and sporulation capacity when 
isolates of the same race were inoculated to varieties carrying no R-genes. 
As against the amount of information now available concerning the 
variability of namral populations of P. infestans, very little is known about the 
variations in single isolates of the fungus. Graham (1955) tested the 
pathogenicity of 100 single-zoospore isolates from a single mass culture of P. 
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infestans and obsereved that 96 isolates produced similar reactions, the rest four 
were distinct in their inability to sporulate on any of the host genotypes used. 
Differences in the pathogenic abilities of single zoospore isolates from mass 
cultures were also detected by Wallin (1957) and Schultz (1962). The latter also 
reported differences in cultural characteristics among single-zoospore isolates 
from the same mass culture. 
Single isolate variations have also been reported in other species of 
Phytophthora. Leonian (1925) studied physiological vairation in the genus 
Phytophthora, and observed that certain isolates in culture are not stable. Apple 
(1957) reported that single zoospore isolates of P. parasitca var. nicotianae 
derived from the same thallus exhibited pathogenic and cultural variations 
compared to natural populations. Similar pathogenic and cultural variability of 
single-zoospore isolates has been reported in P. megasperma var. sojae (Hilty and 
Scmitthenner, 1962). 
Stamps (1953) described a number of variants in P. cactonim that arose 
spontaneously from a single zoospore isolate. Buddenhagen (1958) found that, 
before irradiation, isolates of P. cactorum were relatively stable. After irradiation 
with ultraviolet light, however, single zoospores produced unstable mutants, 
which gave rise to a range of morphological forms in their asexual progenies. In 




Oospores are more likely to be the main source of the variation, if sexual 
reproduction in P. infestans occurs outside Mexico. Numerous studies have been 
undertaken to determine the role of these thick-walled oospores in generating 
variability in the fungus and to serve as primary source of the disease. Clinton 
(1911) first discovered the sexual spores (oospores) of P. infestans in 1911. 
Subsequently, Pethybridge and Murphy (1913), Pethybridge (1914), Rosenbaum 
(1917), De Bruyn (1926) and Ericksson (1923) confirmed and supported Clinton's 
findings on formation of oospores by the fungus. The real advancement in the 
understanding of sexual nature of P. infestans, however, occurred when Smoot 
et al. (1958) and Gallegly and Galindo (1958) reported that two compatibility 
types (A, and Aj) exist in Mexico only, not in other countries of the world. 
Production of oospores 
The production of oospores by P. infestans in the field conditions has 
become a subject of intense study since the introduction of Aj mating type outside 
Mexico in early 1980s. Oospores were observed in stems but rarely in leaves of 
potato and tomato plants grown in the green house and inoculated with mixture 
of A, and Aj mating types (Prinking et al, 1987, Mosa et al, 1991). Prinking et 
al (1987) inoculated the plants with opposite mating types under 90% RH for 24 
hours and then kept them under water stress condition. Microscopic examination 
of the epidermal strips showed the presence of oogonia and antheridia five days 
after inoculation. After 9 days, fertilization was established and oospores were 
developed completely 15 days after inoculation. Similar results were obtained by 
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Mosa et al (1991). Oospores are also formed in tubers (Grinberger et al, 1989). 
In Europe, oospore formation in potato leaves in the field was reported first in 
Germany and the Netherlands (Gotz, 1991). The oospore formation in intact and 
detached leaves of potato and tomato have also been reported (Markov, 1978; 
Drenth et al. 1995; Cohen et al. 1997). 
Drenth et al (1995) analyzed various conditions for oospore formation. 
Under controlled conditions, oospores were produced in potato leaves at 
temperature ranging from 5 to 25°C. In leaves of potato cultivar Bintje incubated 
at 15°C, oogonia and antheridia were observed 6 days after inoculation and thick-
walled oospores appeared 3-4 days later. In field experiments oospores were 
found in leaves and stems of potato cvs. Bintje, Irene and Pimpernel and in 
leaves, stems and fruits of tomato cv Money Maker within 2 weeks of 
inoculation. They also observed that 10°C temperature was optimal for oospore 
formation on susceptible cultivar Bintje. Similar effect of temperature on oospore 
formation was also reported by Hanson and Shattock (1998). They observed that 
the maximum mean numbers of oospores (approximately 20,000/cm^ of leaf) 
were formed in susceptible cv Home Guard and the fewest in leaf discs of the 
highly resistant cv Stirling. Number of oospores was highest in cultivars with 
inoculum levels of race-nonspecific resistance such as cvs Desiree and Record. 
Singh et al (1998) have standardized conditions for oospore production in host 
tissue. They reported that moisture content of host tissue (stem peelings) is most 
crucial in determining induction of oospore formation (BP Singh, Personal 
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Communication). They also observed oospores under natural conditions in 
temperate highlands of Shimla, Himachal Pradesh (CPRI, 1996, 1997). 
Viability and infection potential of oospores 
Oospores of oomycetous fungi are in general endogenously dormant, 
tolerant to adverse conditions and capable of long term survival (Ribeiro, 1983). 
Phytophthora oospores are thick walled resting organs that can survive in soil for 
as long as 10 years (Malajczuk, 1981). Oospores from P.fragariae, the causal 
agent of strawberry red-core can survive for at least 3 years in soil (Duncan, 
1980; Duncan and Cowman, 1980). Oospores of Peronospora destructor, the 
causal agent of downy mildew of onion, had remained infectious for upto 25 
years in soil despite continuous exposure to natural environment, including 1549 
occurrences of frost (McKay, 1957). Drenth et al. (1993b) and Pittis and 
Shattock (1994) have also shown that P. infestans oospores are able to survive at 
least one winter in the field under European conditions. Pittis and Shattock 
(1994) observed that the oospores stored at 0, 5, 10, 15 and 20°C remained viable 
for over 6 months. Temperature had a significant effect on the viability of 
oospores of each cross. The percentage viability was highest for oospores stored 
at 20°C. Survival could exceed 2 years in Central Mexico (Perches and Galindo, 
1969) but precise data are lacking on the actual duration of persistance of 
infectivity in soil. 
Several methods such as tetrazolium bromide (MTT) test (Ribeiro, 1978; 
Sutherland and Cohen, 1983; Cohen 1984; EL-Hamalawi and Erwin 1986; Jiang 
and Erwin 1990) and plasmolysis test (Jiang and Erwin, 1990; Pittis and Shattock, 
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1994) have been developed to test the viability of oospores. Staining of fungal 
oospores v^ i^th tetrazolium bromide (MTT) is proposed as a test for estimating 
oospore viability and as a technique for enhancing detection of oospores in root 
tissue by Sutherland and Cohen (1983). More than 80% of the oospores of P. 
cactorum, P. megasperma f. sp. glycinea races 1 and 3 and Pythium 
aphanidermatum developed a rose colour with 0.1% MTT after 24 hours of 
incubation at 35±2°C. 
Oospore germination 
de Bary (1881) was the first to report germination of oospores of a 
Phytophthora species. He found that some oospores of P. cactorum germinated 
after incubation in water for several months. His observations led him to believe 
that a chilling period was a pre-requisite for oospore germination. Other early 
reports of oospore germination include those of Pethybridge (1914) with P. 
erythroseptica, Rosenbaum (1917) with P. cactorum, Hotson and Hartge (1923) 
with P. mexicana and Blackwell and Waterhouse (1931) with P. cactorum. All 
these investigators reported that germination occurred only after oospores had 
been subjected to long periods of chilling either indoor or outdoors. Germination 
of oospores of Pythium aphanidermatum was greatly stimulated by dessication 
of cultures prior to spore isolation (Ruben et al, 1980). Blackwell and 
Waterhouse (1931) described the changes in the protoplasm of the germinating 
oospores. A mixture of nine vitamins, horse dung infusion and potato soil 
leachate (Smoot et al, 1958) have been reported to stimulate their germination. 
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Romero and Gallegly (1963) consistently obtained high germination rate 
but considered this to be asexual oogonial germination. Gregg (1957) and Roy 
et al. (1990) obtained germination of oospore after passing through the digestive 
tract of the garden snail {Helix spersa) and slugs {Andenus altivagus). The 
percentage of germinated oospores was higher (37.3%) when the culture was 
passed through the digestive tract of snails and slugs (18.42%; Roy et al, 1990). 
Oospore of Peronospora manschrica germinated only after washing in tap water 
(Dunleavy and Snyder, 1962) which suggested that a water-soluble inhibitor was 
associated with oospores. Oospores germinate either by single or multiple germ 
mbes or, by germ tubes terminating in sporangia (Ribeiro, 1983). 
Oospore as primary source of the disease 
Role of oospores in generating variations in P. infestans and initiating late 
blight infection in Mexico (Toluca valley) have been established (Gallegly and 
Galindo, 1958; Tooley e/a/., 1985; Goodwin e/a/., 1992 and DrentheM/., 1995). 
Recent studies tend to show that primary inoculum may be composed of both 
oospores and sporangia atleast in regions where both types of organs are 
produced in the field (Andrivon, 1995). Oospores constitute a potentially 
threatening source of primary inoculum in areas in which both mating types occur 
simultaneously. P. infestans oospores surviving in soil are able to infect potato 
plants, yielding infections at the base of shoots just above soil level (Perches and 
Galindo, 1969; Schober and Schiff, 1990; Pittis and Shattock 1994; Drenth et al, 
1995; Stromeberger et a/. 1999). Pittis and Shattock (1994) investigated the 
infection potential of oospores by inoculating sprouting tubers of potato. They 
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used non-germinating oospores to inoculate the shoot pieces of a susceptible 
cultivar. Lesions on leaflets and stems appeared 7 days after inoculation. 
Stromberger et al, (1999) mixed the oospores in concentration of 100, 150, 250 
and 400 oospores in sterile soil, in which cv. Bintje, cultivated in vitro from nodal 
cuttings, were transplanted to the soil. Brown discolouration were observed on 
the underground stems and tubers on potato plant grown in the two highest 
concentration of oospores for one month at 15°C and 16 h day length. 
Factors affecting the oospore germination 
Light 
Light requirement for germination of oospores has been reported by 
several investigators (Romero and Erwin, 1969; Ribeiro et al, 1975; Chang and 
Ko, 1991). Shaw (1967) reported that only 3% of the oospores of P. cactorum 
germinated in dark against 38% germination in light. Chang and Ko (1991) 
observed that germination rate of P. infestans oospores in light was 70%, whereas 
only 40% could germinate in dark conditions. 
Oospore maturity 
Germination of many species of Phytophthora increases with increasing 
age of the oospores upto a certain point (Shaw, 1967; Satour and Butler, 1968; 
Klisiewicz, 1970; Meyer, 1975; Forster et al., 1983). Shaw (1967) observed that 
4 days old oospores of P. cacturum failed to germinate but he obtained 67% 
germination with 25 days old oospores. Satour and Butler (1968) reported 2.6 
and 20% oospore germination in P. capsici from 14 and 60 days old cultures, 
respectively. Klisiewicz (1970) conducted extensive studies to determine the 
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factors affecting germination of P. drechsleri oospores. He found that the 
maturity of the oospores was one of the factors that influenced oospore 
germination, e.g. less than 5,15 and 51% germination was obtained from 21, 56 
and 102 days old oospores, respectively. 
Temperature 
Oospores often require a period of pre-treatment at a higher or lower 
temperature than the ambient temperature before their germination. Exposure of 
oospores at P. drechsleri at 33°C for 2-8 days enhanced their germination, 
whereas pre-treatment at 36°C inhibited the germination (Klisiewicz, 1970). 
Kaosiri et al. (1980) in their studies with P. palmivora found that pre-treatments 
at 12 and 30°C for one week enhanced the germination of oospores. Pre-
treatment at 33°C, however, suppressed the germination. Duncan (1977) reported 
that incubation of P. fragariae oospores for 24-48 hours at 25°C greatly increased 
the proportion of germinated oospores, whereas incubation at 35°C proved to be 
inhibitory. In an extensive study involving several thousand individually 
monitored oospores, Long et al. (1975) found that germination of oospores of 
several isolates of P. megasperma f sp. glycinea was highest (over 50%) when 
oospores were pre-soaked for 48 hours at 36°C before being plated on water agar. 
Pre-soaking of oospores at 25°C for 48 hours or plating them directly on water 
agar resulted in 15-18% decrease in their germination. 
Exposure to low temperatures was reported to stimulate oospore 
germination of some Phytophthora species (Blackwell, 1943; Romero and Erwin 
1969; Erwin and McComick, 1971). Oospores germination of P. infestans. 
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however, decreased at low temperature. Pittis and Shattock (1994) observed 
highest germination of oospores stored at 20°C and was approximately twice that 
of oospores stored at 5, 10 and 15°C. Little germination occurred among 
oospores stored at 0°C. 
Other factors 
Besides light, temperature, maturity, other factors have also been 
evaluated for their effect on oospore germination. Smoot et al. (1958) reported 
that oospores of P. infestans germinated best in an infusion of horse dung. 
Various physical treatments such as alternate wetting and drying, aging 5-6 
months in agar culture or under moist soil at 12°C and -20°C and freezing and 
thawing (-20°C to 20°C) for several months had no effect. Likewise, chemicals 
such as, ethyl formate, ethylene chlorohydrin, naphthalene acetic acid, oxalic 
acid, 2,4,5-trichlorophenoxy acetic acid, isoprophylactiate, potassium acetate, 
salicyladehyde, sodium citrate, sodium oleate, sodium thiocynate, pyridine, D-
xylose, furfural, D-glucose hypoxanthine and the mineral salts, ammonium 
nitrate, anhydrous potassium carbonate, calcium carbonate, dipotassium 
phosphate, magnessium sulfate, potassium nitrate, monobasic sodium and sodium 
sulfate in various combinations had no effect on oospore germination of P. 
infestans (Smoot et al, 1958). But KMn04 affected oospore germination. 
Germination of oospore increased with increasing concentration of KMn04 upto 
0.25% but it decreased at 1-2% concentration (Chang and Ko, 1991). 
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Pathogen characterization 
The population genetics of P. infestans, the causal agent of late blight of 
potato and tomato, has undergone rapid change during the last 2-3 decades 
(Ingram and Williams, 1991, Lucas et al., 1991). Genetic studies were largely 
precluded by the absence of genetic markers and the difficulty in germinating the 
oospores. The discovery of Aj mating type in western Europe (Hohl and Iselin, 
1984) and the occurrence of both metalaxyl-resistant and metalaxyl-sensitive 
clonal genotypes of P. infestans stimulated the researchers to find out the rapid 
and accurate genetic markers which can be employed for characterizing P. 
infestans population. 
Markers used in previous studies were drug resistance (Shattock and 
Shaw, 1975), specific virulence (Romero and Erwin, 1969) and mating types. 
Drug resistance is laborious to assess and may yield inconsistent results. Lack of 
universal virulence assessment method limits the use of virulence/avirulence 
phenotypes as markers in genetic studies (Fry et al, 1992). The various methods 
used in different laboratories to detect these phenotypes led to inconsistent 
conclusions (Fry et al, 1992). Besides, it was believed that the race of an 
individual isolate might change during culture or storage (Fry et al, 1992). Thus, 
the difficulty in identifying virulence phenotypes creates problems in deriving 
inference about population biology. The possibility that virulence phenotypes are 
strongly selected further limits their use in conventional population genetic 
applications (Fry e^  a/., 1992). 
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Isozymes are accurate and reliable markers and are available in sufficient 
number. Use of isozymes has enabled the researchers in doing reliable genetic 
studies of P. infestans. Recent researches have involved isozyme markers in 
studying, selfmg, segregation and recombination in the F, generation (Tooley and 
Fry, 1989). Isozyme analysis presumably offers a relatively independent and 
selectively natural means for identifying genetic variations at population level 
(Markert, 1975). Isozyme analysis often allows the assessment of genotypic as 
well as phenotypic frequencies in populations. Isozyme markers would be useful 
as many isolates of a fungus or other organisms may be assayed on a single gel, 
also hetrozygotes may be distinguished from homozygotes. Finally, isozyme 
analysis could provide confirming evidence for diploidy in P. infestans (Tooley 
etal, 1985). 
Tooley et al. (1985) characterized the usefulness of isozyme system for 
the study of P. infestans population and compared levels of isozyme variation in 
P. infestans population. They assayed the mycelium of P. infestans for activity 
of 38 enzymes. Activity was detected for 17 enzymes and 24 loci were resolved. 
The isozyme diversity found in P. infestans sample from an asexual population 
(representing the USA, Canada and Europe) was compared to that found in 
isolates from Mexico, where the sexual stage of the fungus existed. Both the 
populations were monomorphic and identical at 11 enzyme loci. The sexual and 
asexual populations were polymorphic at the Gpi and Pep loci, while the sexual 
population alone was polymorphic at the Malic enzyme {Me) and Xanthine 
dehydrogenase loci {Xdh). Observed banding pattern provided the first evidence 
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of diploidy in P. infestans and enabled the first comparison of genetic diversity 
in population from different locations. 
Goodwin et al. (1992) provided the first evidence of elevated ploidy. They 
analyzed two P. infestans populations in Northern Mexico (North-western and 
North-eastern) for two allozyme loci and compared them to two populations from 
Central Mexico. A previously unreported allele at the Gpi locus, 111, was found 
at north-western and north-eastern Mexico but not in the samples from Central 
Mexico. This allele occurred most often in a five-banded allozyme phenotype 
that was shown to be attributable to three alleles on different chromosomes in the 
same individual. Spielman et al. (1990) discovered two new alleles, Gpi-1 and 
Pep-1 for two previously known allozyme systems, Glucose-6-phosphate 
isomerase and Peptidase, respectively. 
Isozyme markers are useful in distinguishing the heterozygotes from 
homozyogotes. Many research workers from different regions have analyzed P. 
infestans populations for allozyme loci and categorised them into heterozygous 
and homozygous populatons. Shattock et al. (1986b) identified electrophoretic 
pattern in 685 single oospore progeny fi-om seven crosses at two enzyme loci, Gpi 
and Pep. They crossed the homozygous isolates of Mexican origin for different 
alleles and found that the progeny from these parents were heterozygous. They 
also crossed the heterozygous isolates and observed that the progeny segregated 
into 1:2:1 (homozygous fast: heterozygous: homozygous slow) as expected for 
a diploid organism. Shattock (1988) established F, generation from four crosses. 
Among the progeny of cross 1100 x 550 the parents of which were homozygous 
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for the alleles 100 and 86, respectively at Gpi-1, 119 were heterozygous 
indicating that they were hybrid. Two of the 131 single oospore progeny had 
isozyme pattern identical to the A, parent and 10 were identical to the Aj parent. 
These genotypes (86/86 and 100/100) were confirmed to be selfs of the parents. 
In a survey of 1864 isolates of P. infestans obtained from potato and tomato 
collected in England and Wales between 1985 and 1988, except for one, all the 
A, and Aj isolates were uniformly homozygous at an isozyme locus for Gpi but 
isolates exhibited some variation at Pep locus (Shattock et al, 1990). 
Tooley et al. (1989) studied the isozymic variations in P. infestans and 
observed that 34 isolates were monomorphic and identical with one exception 
each at the allozyme loci Gpi-1 and Pep-1. All local isolates of central highland 
of Columbia were homozygous monomorphic for Glucose-6-phosphate 
isomerase with genotype 100/100 (Gualter-Cuellar and Garcia-Dominquez, 1998; 
Gonzalez e/a/., 1999). 
Analysis of P. infestans isolates from Nepal at the Gpi, Malic enzyme 
{Me) and Pep isozyme loci revealed the genetic diversity between A, and Aj 
isolates. A, isolates from potato were either homozygous (100/100) or 
heterozygous (86/100) for Gpi, whereas all A, isolates from tomato were 
heterozygous (86/100). All A, isolates were homozygous (100/100) at the Me 
locus and heterozygous (92/100) at the Pep-1 locus. Aj isolates were 
homozygous (100/100) at all isozyme loci (Shreshthal and Shreshthal, 1998; 
Shreshthal, 1999). Collections obtained from the Netherlands, Japan, Poland, 
Switzerland, United Kingdom and United States were studied by Spielman et al. 
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(1991) and characterized them by different sets of alleles into two categories: 
(i) strictly A, mating type, and (ii) both Ai and A2 mating types. The most 
common dilocus genotype in the strictly A, collections was Gpi 86/100 and 
100/100, Pep 122/100 and 100/100, but the isolates from United States, Canada 
and early collections from the Netherlands and Poland were homozygous at either 
loci. The collection containing both A, and Aj mating types (except Japan), 
contained the genotypes Gpi 90/100 or 100/100 and Pep 83/100 or 100/100. 
Deahl (1999) in USA used the cellulose acetate electrophoresis to resolve the 
allozyme genotypes at the Gpi locus. All isolates of US-1, US-6, US-11 and US-
17 genotypes were A, mating types, most US-7 and US-8 genotypes were 
identified as Aj mating type. Dorrance et al. (1999) found that all the A, mating 
type isolates had the US-11 multilocus genotype and A2 mating type had the 
genotype US-7, US-8 and US-14. 
Allozyme analysis could be used to confirm hybridity (Shattock, 1988; Al 
-Kherb et al, 1995). 15 A, isolates and 15 A2 isolates of P. infestans from all 
districts of Japan were analyzed by Therrien et al. (1993) for allozymes. All Aj 
isolates had the phenotype 100/100 for Gpi, 100/100 for Pep, whereas A, isolates 
were either Gpi 86/100, Pep 92/100 or Gpi 86/100, Pep 100/100. These data 
suggest that Japanese P. infestans population was likely comprised of two 
separate non-interbreeding sub-populations of opposite mating types (Therrien 
et al., 1993). Koh et al. (1994) analyzed 124 isolates collected from China, 
Japan, Korea, Phillippines and Taiwan. The}' detected one clonal lineage with A, 
mating type, 86/100 for Gpi and 92/100 for Pep in all five countries and was 
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identical to the previously designated US-1 genotype. The other genotype, JP-1 
was Aj mating type, 100/100 for Gpi and 96/96 for Pep in Korea and Japan. Fry 
et al. (1991) collected 205 isolates from six different regions in the Netherlands 
and subsequently characterized two alleles, 90/100 and 100/100 for Gpi and two 
alleles, 83/100 and 100/100 for Pep. Forbes et al. (1997) assessed P. infestans 
population in Ecuador and defined 90/100 genotype for Gpi and 96/100 genotype 
for Pep. All isolates of P. infestans from five states of U.S.A. (California, 
Florida, New York, Washington and Wisconsin) and Canadian province collected 
during 1987-91 had one of four dilocus allozyme genotypes. These were Gpi 
86/100 Pep 92/100 (19%), Gpi 100/100 Pep 92/100 (78%), Gpi 86/100 Pep 
100/100 (1%) or Gpi 100/100 Pep 100/100 (2%) (Goodwin et al, 1994). 
Sujkowski et al. (1994) detected three allozyme alleles in Polish population of P. 
infestans at Gpi locus (86, 90 and 100) and 4 at the Pep locus (83, 92, 96 and 
100) which were combined into 13 dilocus genotypes. 
Goodwin et al. (1995 a) identified 7 dilocus genotypes among the 384 
isolates in United States and Canada. One of the most widely distributed 
genotype, US-1 was A, mating type with Gpi 86/100, Pep 92/100 genotypes and 
made-up 30% of the total samples. The US-6 genotype was also A, mating type 
and Pep 92/100 but was 100/100 for Gpi. This genotype made-up 9% of the total 
samples. The most frequently detected genotype, US-7 (44% of the total samples) 
was characterized by the Aj mating type and 100/111 genotype at the Gpi locus. 
It was 100/100 for Pep. The fourth genotype US-8 (15% of the total samples) 
was A2 mating type and had a very unusual three-allele genotype at the Gpi locus, 
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100/111/122. It was 100/100 at Pep locus. New isolates collected in most 
important potato growing regions of France (Brittany 1992-96 and Northern 
France 1994-96) were similar to those observed in northern Europe i.e., Gpi 
90/100 Pep 83/100, Gpi 90/100 Pep 100/100, Gpi 100/100 Pep 100/100 and Gpi 
100/100 Pep 83/100 allozyme types. A new allozyme genotypes (Gpi 90/90, Pep 
83/100) never previously detected in Europe, was discovered in Brittany in 1992 
but disappeared in later years (Lebreton et al, 1998). 
Prior to 1984, all the isolates from eastern Germany, except one, had the 
dilocus allozyme phenotype Gpi 86/100, Pep 92/100 but the predominant dilocus 
phenotype from 1984 to 1988 was 100/100 for both Gpi and Pep. Two new 
phenotype Pep 83/100 and Gpi 90/100 appeared in the population in 1987 and 
1990, respectively (Daggett et al, 1993). P. infestans isolates collected from 
Ireland in 1988 and 1989 were analyzed for isozyme genotypes. Isozyme 
genotypes observed included Gpi 90/100 Pep 83/100, Gpi 90/100 Pep 100/100, 
Gpi 100/100 Pep 83/100 and Gpi 100/100 Pep 100/100. This clearly reveals that 
Irish isolates represent the 'new' P. infestans population which has become 
prevalent in Europe and other countries in the early 80s (Tooley et al, 1993). 
Analysis of poulation of Columbia Basin of Oregon and Washington revealed 
that 30 of 31 isolates were of the US-1 multilocus genotype in 1992. In 1993, 
only 2 of the 59 isolates collected were A, with Gpi 86/100, 10 were of Aj (7 with 
Gpi 100/111, 2 with 100/100 and one was undetermined). The remaining were 
A, with either Gpi 100/100 or 100/111. In 1994, 10 of 18 isolates were of the 
US-1. The remaining were US-6 and US-8 genotypes. These data suggest that 
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the genetic structure of P. infestans population rapidly changed from 1992 to 
1995 (Miller e/a/., 1997). 
Andrivon et al. (1994) characterized the French isolates in order to 
determine the structure and pathogenecity of the populations and to compare them 
with other European samples. Two Gpi phenotypes (90/100 and 90/90) were 
detected among the 46 isolates tested, the former largely predominated (75-80%). 
Both phenotypes correspond to the population recently introduced into Europe. 
A third genotype (86/100), typical of the former European population was found 
in one isolate from Picardy (France), five isolates from Portugal. Italy isolates 
were of 100/100 phenotype. The unusual composition of the Brittany population, 
consisting of new genotypes is possibly related to the metapopulation type 
structure of P. infestans in Europe. Goodwin et al. (1995b) tested the 
pathogenicity of previously analyzed P. infestans and found that 63% of the 
variation was due to differentiation among lineages, only 37%) of the total 
pathogenic diversity was due to variation within lineage. Older lineage had more 
pathogenic variation than did those that were more recently introduced into the 
United States and Canada. Legard et al. (1995) correlated the pathogenicity with 
allozyme analysis. They found that with few exceptions isolates with the same 
allozyme genotype had similar host reactions. Legard and Fry (1996) determined 
Gpi genotype from foliar lesions or portions of the lesion and scored the 
frequency Gpi genotype as 86/100 and 100/100. All isolates of Morocco were 
pathogenic to potato and tomato cultivars, are consistent with A, mating type and 
have same allozyme pattern i.e.. Gpi 100/100, Pep 92/100 as US-6 genotype 
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(Sedegui et al, 1997). Characterization of P. infestans isolates in Wisconsin 
from 1993 to 1995 revealed that the new population with Gpi genotype 
100/111/122 is more aggressive and is displacing the old population with Gpi 
genotype 86/100 (Marshall- Farrar et al, 1998). Besides Gpi, Pep and Me, other 
isozymes also showed polymorphism in population of P. infestans and could be 
used to characterize P. infestans isolates. Suprun et al. (1986) found that the 
isolates obtained from the leaves and tubers of potato varieties from Moscow 
district and Estonia were polymorphic to enzyme Superoxide dismutase, Malate 
dehydrogenase and could serve as markers to study population dynamics. Baka 
(1997) evaluated 19 isolates of Nile Delta, Egypt for intraspecific isozyme 
variation in 1997 and divided the isolates into 3 distinct groups. Dihydrlipoamide 
dehydrogenase yielded the greatest number of electrophoretic phenotypes. 
Isozyme analysis could also be used to distinguish P. infestans races (D'-Yakov 
etal, 1994). 
Isolate with unique genotype was obtained in British Colombia that could 
have arisen by sexual recombination between most common A, and Aj genotype. 
This showed the first evidence for the probable occurrence of sexual reproduction 
in P. infestans in North America, North of Mexico (Goodwin et al, 1995a). 
MATERIALS AND METHODS 
1. Collection and maintenance of Phytophthora infestans isolates 
Potato leaf and/or tuber infected with late blight disease were collected 
from three major potato growing regions of India viz., North-western hills, North-
eastern hills and Indo-gangetic plains. For North-western hilly region collections 
were made from Shimla, Kufri, Palampur and Gallu of Himachal Pradesh. 
Samples for North-eastern hilly region were collected from Shillong (Meghalaya) 
and Darjeeling (West Bengal). Indo-gangetic plains included Modipuram and 
Pantnagar (Uttar Pradesh State), Patna (Bihar State), Jalandhar (Punjab State) and 
Hisar (Haryana State). Samples were collected during January-February (Indo-
gangetic plaines) and July-August (North-western and North-eastern hills) for 
three consecutive years i.e., 1996, 1997 and 1998. The blighted leaves/tubers 
were collected in polythene bag and brought to lab. The isolation was done by 
twelve hours. 
Phytophthora infestans was isolated from the samples and maintained on 
the Rye B agar medium (Caten and Jinks, 1968). 
1.1 Composition of Rye B agar medium 
Rye 60 g 
Sucrose 15 g 
Agar 15 g 
Penta chloro nitrobenzene (PCNB) 65 mg 
Distilled water (to make) 1000 ml 
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Sixty grams rye grains were soaked in distilled water at room temperature 
for 36 hours. The supernatant was decanted and retained. The soaked grains 
were placed in an Erlenmeyer flask containing distilled water and steamed for one 
hour. The steamed grains in water were filtered through two layers of muslin 
cloth. The filterate was added to the original supernatant (liquid decanted from 
the grains at the beginning) which was added with 15 g sucrose, 15 g agar and 65 
mg PCNB and the volume was made to one liter by adding distilled water. The 
medium was autoclaved at 15 psi for 20 minutes and stored at 4°C for subseqtfent 
use. 
2. Production of P. infestans inoculum 
P. infestans inoculum was multiplied using tuber-slice method. Tubers of 
susceptible cv Kufri Chandramukhi were surface sterilized with ethyl alcohol and 
cut into 1cm thick slices using a sharp sterilized knife, placed in plastic Petri 
dishes and inoculated with P. infestans by scratching the fungal mycelium on 
slice surface with sterilized needles and incubated in air tight plastic boxes lined 
with moist foam sheet at 18±rC for a week in the dark. A thick white growth of 
sporangiophores with plenty of P. infestans zoosporangia covered the tuber slice 
surface within 5-6 days. 
2.1 Zoosporangia! germination 
Tuber slices containing P. infestans zoosporangia were gently dipped in 
sterilized distilled water to dislodge the zoosporangia in water. The zoosporangia 
suspension was then kept at 12° ±2 °C for 60-90 minutes for releasing zoospores 
from the zoosporangia. The zoospore suspension was caliberated to a desired 
level (6 X 10'') using haemocytometer under a microscope (lOx) for each isolate. 
2.2 Preparation of single zoosporangial cultures 
The cultures of single zoosporangium were prepared following the method 
given by Caten and Jinks (1968). P. infestans zoosporangial suspension was 
obtained by adding sterilized distilled water to 10 days old cultures grown on Rye 
B agar medium. The surface of the cultures was gently rubbed using a hairbrush 
to dislodge the zoosporangia in water. The zoosporangial suspension was diluted 
to a desired level and 100 |il suspension was spread on Rye B medium per dish. 
The plates were incubated at IS±\°C for 48 hours. The single germinating 
zoosporangia were marked and picked up by an inoculation needle under the 
microscope (lOx) and transferred to a fresh dish containing Rye B agar medium. 
Five zoosporangia were transferred to one dish, which were incubated at 18±rC 
for 4-7 days to develop into small colonies. Each colony was picked up by a 
needle at the very early stage and transferred to Rye B slants. 
2.3 Virulence Test 
Lines of the international P. infestans differential set, each containing one 
of the R, to R,, race-specific resistance genes and their combination (source: 
Scotish Crop Research Institute, UK) were grown in 20 cm earthen pots. The 
lateral leaflets of fully expanded leaves were used for the tests. Leaflets were 
detached and kept (abaxial surface up), in trays as described by Umaerus and 
Lihnell (1976). Each leaflet was inoculated with 100 )il zoospore suspension 
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containing 6x10'' zoosporangia/ml. The trays containing the inoculated leaflets 
were incubated at 18±rC for five days. 
Each leaflet was examined individually under dissecting microscope for 
presence/absence of P. infestans zoosporangia. Presence of zosporangia was 
taken as a compatible reactoin. Based on the number of R-genes showing 
compatible reaction, the virulence of each isolate was designated. 
2.4 Statistical analysis 
The statistical analysis of the data was performed using M-STAT package 
for completely randomized block design (CRBD). Two factorial analysis was 
carried out for data on comparative aggressiveness of P. infestans mating types 
on detached leaves, whole tubers, tuber slices, composite fitness index of A, and 
Aj mating types (factors: isolates/mating type x cultivars), aggressiveness of two 
mating types under country store (factors: isolates/mating type x days), intra-
isolate variaton in A, and Aj mating type isolates on detached leaves and tubers 
(factors: zoosporangial isolates x cultivar), and survival of oospores (factors: days 
x tests). Three factorial analysis was carried out on the data on the effect of 
temperature and relative humidity on aggressiveness of P. infestans (factors: 
isolates/mating type x temperature/RH x cultivar). The least significant 
difference (LSD) at 0.05 probability {i.e.. 5% level of significance) was calculated 
(DospekJiov, 1984). 
2.5 Nomenclature of isozyme genotype 
Isozyme genotypes were determined following the method of Allendorf 
et al. (1977). Allelic variants were designated according to their relative 
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electrophoretic mobility. The most common allele was arbitrarily designated 100. 
This unit distance represents the migration distance of the isozyme coded for this 
allele. Other alleles were then assigned a numerical value by representing their 
mobility relative to this unit distance. 
3. Monitoring of A, and Aj mating types 
The P. infestans isolates collected from different regions over three years 
were paired with a known tester of P. infestans (A, mating type) on Rye B agar 
medium as per methods described by Mosa et al. (1989) and Singh et al. (1994). 
Discs of 0.5 cm diameter were cut from 10 days old cultures using a sterilized 
cork borer, placed 3-4 cm apart from the known tester and incubated at 18±rC 
for 15 days in the dark. The presence or absence of oospore at the interface of the 
two paired isolates was taken as the criterion for designating the isolates as A, or 
Aj mating type. 
4. Aggressiveness of A, and Aj mating type isolates on whole tubers under 
Indian storage conditions 
Ten days old cultures of both A, and A2 mating types were compared for 
their aggressiveness using tubers of cv Kufri Chandramukhi. Five isolates each 
of the two mating types were studied taking 10 tubers per isolate. The tubers 
were surface sterilized with ethyl alcohol and bored by a 7 mm dia. cork borer to 
make a pit. Mycelial bits were cut from the margins of the fungal colony using 
4 mm cork borer. The bits were placed in the pits and plugged by the tuber piece 
cut out at the time of making the bore and sealed with wax. The inoculated tubers 
were incubated at IS+TC for 4 days to initiate the infection. Thereafter, the 
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tubers were kept in the cold stroage house (7.5 - 10.8°C) where they were 
observed 30th, 45th and 60th day of storage for late blight infection (% tuber area 
infected). 
5. Comparative aggressiveness of A, and Aj mating types 
Five isolates each of A, and Aj mating types were evaluated for their 
comparative aggressiveness using detached leaves, whole plants and tubers. 
5.1 Detached leaf method 
Forty five plants each of 7 cultivars viz., Kufri Giriraj, Kufri Megha, Kufri 
Badshah, Kufri Jawahar, Kufri Jyoti, Kufri Sutlej and Kufri Chandramukhi were 
raised in 20 cm earthen pots under the glass house. The pots were grouped in 5 
sets each comprising of 63 plants (9 each of 7 cultivars) arranged in a completely 
randomized block design. On the 40th day of planting, the terminal leaflet of the 
fourth leaf from the top was used in the study Five leaflets collected from each 
cultivar were placed in plastic trays on perforated plastic separators (Umaerus and 
Lihnell, 1976) and inoculated with 100 |il zoosporangial suspension containing 
6x10" zoospores/ml using an autopipette. Trays containing the inoculated leaflets 
were incubated in an incubator at 18±rC. Lesion size (length and width) was 
measured on 6th day of inoculation and the lesion area was calculated by using 
the following formula (Singh and Bhattacharyya, 1995). 
Area = nab 
4 
where a and b are the length and width of the lesion, respectively. 
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5.2 Whole plant method 
Thirty plants each of seven cultivars viz., Kufri Giriraj, Kufri Megha, 
Kufri Badshah, Kufri Jawahar, Kufri Sutlej, Kufri Jyoti and Kufri Chandramukhi 
were raised in 10 cm plastic pots in the glasshouse by planting single tuber eye 
scooped from the crown end in each pot. All the pots were transferred to 
humidity chambers 40 days after planting. Seven leaflets from each of the three 
plants were used for testing one isolate. Filter paper discs (0.5mm) dipped in 
6x10'' zoospores/ml were used for inoculating the plants. The inoculated plants 
were incubated at 18±rC and 100% RH under dark for two days. Thereafter, 
chambers were illuminated by fluorescent light (120-140 ^moles m'^S"'). 
Field resistance components viz., infection frequency (IF), lesion area 
(LA) and sporulation capacity (SC) were estimated as described by Tooley et al. 
(1986). For estimating IF, the total number of lesions formed on all the 
inoculated leaflets were counted. IF is expressed as: 
IF = Total number of lesions formed 
Number of leaflets inoculated 
Lesion area was measured after 5 days of incubation and calculated as per 
the procedure described under section 5.1. Sporulation capacity (number of 
zoosporangia/cm^) was also measured after 5 days of incubation. The sporulating 
region of all the leaflets were cut out and dipped in vials containing 10ml of 10% 
ethyl alcohol. The vials were stored at 4°C until the zoosporangia were counted 
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using haemocytometer. Composite fitness Index (CFI) was calculated by the 
following fomiula (Tooley et al., 1986); 
CFI = IF X LA X SC 
where, IF = Infection frequency; LA = Lesion area; and SC = Sporulation 
capacity. 
5.3 Aggressiveness on whole tuber 
Three tubers each of six potato cultivars viz., Kufri Megha, Kufri 
Badshah, Kufri Sutlej, Kufri Jawahar, Kufri Jyoti and Kufri Chandramukhi were 
inoculated with each isolate as per the procedure described under section 4. The 
inoculated tubers were incubated at 18±rC for 15 days in dark. At the end of 
experiment, the tubers were cut longitudinally into two halves and the late blight 
lesions were measured. 
5.4 Tuber slice method 
Five isolates each of A, and A2 mating types were compared for their 
aggressiveness using tuber slices of two cultivars viz., Kufri Jyoti and Kufri 
Chandramukhi. Tubers of both cultivars were surface sterilized with ethyl 
alcohol and cut into 1cm thick slices aseptically. The slices were placed in plastic 
Petri dishes and inoculated using filter paper discs (0.3x0.3 cm )^ dipped in 
zoosporangial suspension (6x10'' zoosporangia/ml). Six slices kept separately in 
two plastic dishes, were used for each isolate. I'hese plastic dishes were incubated 
in a plastic box lined with moist foam sheet at 18±rC for 5 days in the dark and 
the late blight lesion area was measured as described under per section 5.1. 
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6. Effect of environmental conditions on aggressiveness of A, and Aj mating 
types 
6.1 Effect of temperature 
Aggressiveness of four isolates each of A, and Aj mating types was 
compared at three temperature regimes viz., 15, 18 and 21°C and two potato 
cultivars viz., Kufri Chandramukhi and Kufri Jyoti using detached leaf method. 
Five leaflets were used for each isolate. The raising of potato plants and the 
method of inoculation was followed as described under section 5.1. Each set of 
trays containing inoculated leaflets was incubated in separate BOD incubators at 
temperatures 15, 18 and 2rC for five days. The lesion area was measured as per 
method described under section 5.1. 
6.2 Effect of relative humidity 
Effect of two levels of relative humidity viz., 85% and 100% on P. 
infestans aggressiveness of five isolates each of A, and Aj mating types was 
studied on two potato cultivars viz., Kufri Chandramukhi and Kufri Jyoti. Potato 
plants were raised in plastic pots as described under section 5.2. P. infestans 
inoculum was prepared as per the procedure described under section 2 and 2.1. 
Two sets, each consisting of 60 plants (30 plants for each cultivars) were shifted 
to two humidity chambers where 85 and 100% RH was maintained. 
Plants were inoculated by placing filter paper discs dipped in 
zoosporangial suspension as per the method described under section 5.2 and 
incubated at 18±rC in dark for 48 hours. Subsequently, they were illuminated 
with 120-140 jimoles m"^  S'' fluorescent light for 3 days. Field resistant 
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components viz., infection frequency (IF), lesion area (LA) and sporulation 
capacity (SC) were measured on 6th day of inoculation and composite fitness 
index (CFI) was calculated as per the method described under section 5.2. 
7. Growth rate of A, and A2 mating type isolates on Rye B agar media 
Twenty six isolates of A, and 39 isolates of A2 mating types were 
compared for their growth rate on Rye B agar media in 9 cm dia. Petri dishes. 
Discs of 0.5 cm dia. were cut from the growing edges of 10 days old P. infestans 
cultures by a cork borer and placed in the centre of each dish. Three dishes were 
used for each isolate. All the dishes were incubated at 18±rC in dark for 10 days 
and the growth rate/day was calculated. 
8. Effect of temperature on zoosporangial germination 
Five isolates each of A, and A2 mating types were compared for their 
zoosporangial germination at five temperature regimes viz., 10, 18, 20, 23 and 
30°C. P. infestans zoosporangia of all the isolates were grown and multiplied on 
tuber slices and were washed in distilled water as per method described in section 
2. The zoosporangial concentration was adjusted at lO'' zoosporangia/ml and 2 
ml suspension of each isolate was added to a glass cubet separately. Five sets of 
all the isolates were prepared and shifted to five different incubators maintained 
at 10, 18, 20, 23 and 30°C. Zoosporangial germination (both direct and indirect) 
was recorded after 24 and 48 hours using a haemocytometer. 
9. Competitiveness of A, and Aj mating types on detached leaves 
Zoosporangial suspensions of A, (Isolate KCM(K)IO) and Aj (Isolate 
KJ(H)9) mating type isolates were prepared separately following the methods 
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described under section 2 and 2.1. The concentration of the zoospore suspension 
was standardized to 6x10'' zoospores/ml using haemocytometer. The zoospore 
suspension of both the mating types was mixed in equal proportion and the 
resultant mixture was inoculated by applying 100 \i\ to each leaflet of cvs. Kufri 
Chandramukhi and Kufri Jyoti (10 leaflet for each cultivar) using an autopipette 
as per details given in section 5.1. The trays containing the inoculated leaflets 
were incubated at 18±rC for 5 days till the P. infestans white cottony growth 
appeared on the inoculated leaves. The zoosporangia were washed in distilled 
water separately from both the cultivars and allowed to germinate by temperature 
shock method (Section 2.1). The germinated zoosporangia were inoculated on 
the leaves of both the cultivars as described above to get another crop of 
zoosporangia, which were again used for initiating the infection. The experiment 
was continued till the completion of 27 clonal generations/cycles of P. infestans. 
The fiingus was cultured on to the Rye B agar medium at 13th and 27th clonal 
generation. Twenty five single zoosporangia each from both the cultivars were 
picked up after 13th and 27th generation and cultured as per details given under 
section 2.2. The single zoosporangial isolates were then tested for their mating 
types as described under section 3. 
10. Intra-isolate variation 
Single zoosporangial cultures were developed from one isolate each of A, 
and A2 mating types following the procedure described under section 2.2. These 
single zoosporangial isolates were then compared for their growth rate, 
physiological races and aggressiveness. The growth rate was measured as 
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described under section 7, the aggressiveness was compared using both potato 
tubers and leaves as described under section 5.2 and 5.1, respectively and 
physiological races were determined as per details given in section 2.3. 
11. Oospore biology 
11.1 Mass production of oospores 
Mass production of P. infestans oospores was done on Rye B agar in Petri 
dishes. The two mating type isolates (A, and Aj) were mated by placing them at 
3-4 cm apart on the rye-agar medium in a dish. The dishes containing the paired 
isolates were incubated at 18±rC for 10 days under dark conditions (Shattock et 
al, 1986b, Singh era/., 1994). 
11.2 Extraction of oospores 
Oospores formed at the interface of interacting A, and Aj colonies were 
extracted by modifying the method of Forster et al. (1983). The mycelium at the 
interface of the paired isolates was extracted by scrapping with the help of a 
spatula. The agar scrappings containing oospores were grounded in distilled 
water using an electric grinder. The resultant suspension was sonicated in a 
sonicator (Branson Sonifer 450, USA) at 20 duty cycle for 10 minutes, in order 
to separate the oospores from the mycelium. The sonicated suspension was 
centrifuged at 10,000 rpm for 10 minutes. The pellet was separated from the 
supematent and the supematent was discarded. The pellets containing oospores 
were wrapped in nylon cloths (pore size 20 ^m) and pouches of appropriate size 
were prepared (Pittis and Shattock, 1994). 
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11.3 Survival of oospores in soil 
The nylon pouches containing P. infestans oospores were buried 5 cm 
deep in non-sterilized natural soil kept in a wooden tray (LxWxD: 42x30x15 cm). 
The soil was subjected to natural weathering by keeping the trays in open air. 
Survival of oospores was assessed by determining their viability at monthly 
intervals over 5 months starting from the end of potato crop season. Oospores 
were recovered from nylon pouches by scrapping them with the help of a spatula. 
These oospores were soaked in sterilized distilled water for 1-2 hrs and triturated 
with the help of mortar and pestel. The resultant oospore suspension was used 
in the following viability tests. 
The viability of oospores was tested using three different methods viz., 
Tetrazolium bromide (MTT) test (Sutherland and Cohen, 1983), 4M NaCl and 
3M sucrose plasmolysis tests (Jiang and Erwin, 1990). 
11.3.1 Tetrazolium bromide (MTT) test 
3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide 
(MTT) solution (0.1%) and oospore suspension (400-500 oospores/ml) were 
mixed in 1:1 proportion and the resultant mixture was incubated for 48 hrs at 
35±rC in dark using small disposable Petri dishes. The oospores were examined 
under the microscope (20x) on glass slides for change in their colour, if any. 
Oospores that stained rose red were considered to be viable, that with blue colour 
were considered activated (pre-germination phase) and black and unstained ones 
were taken as non-viable (Plate 3, El-Hamalawi and Erwin, 1986). 
Plate 3. Testing of oospores viability using MTT test 
Fig. 1: Unstained oospore (Non-viable) 
Fig. 2: Oospore with red colour (Viable but dormant oospore) 
Fig. 3: Oospore with blue colour (Viable ready to germinate oospore) 
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11.3.2 Plasmolysis tests 
11.3.2.1 NaCl test 
One ml oospore suspension (Section 11.3) containing 400-500 oospores 
was added to a 3.5 cm dia. disposable Petri dishes and allowed for 4-5 minute to 
settle oospores in the bottom of the dish. Thereafter, the 4M NaCl solution was 
gently added and the dish was incubated at 18±rC for 60 minute. The 
population of viable and non-viable oospores was determined on the basis of 
plasmolysed (viable) and non-plasmolysed (non-viable) oospores under the 
microscope (Plate 4). 
11.3.2.2 Sucrose test 
One ml oospore suspension (Section 11.3) containing 400-500 oospores 
was added to the 3.5 cm dia. disposable Petri dishes and allowed for 4-5 minute 
to settle oospores in the bottom of the dish. Thereafter, the 3M sucrose solution 
was gently added and the dish was incubated at 35±1°C for 3 days. The 
population of viable and non-viable oospores was determined on the basis of 
plasmolysed (viable) and non-plasmolysed (non-viable) oospores under the 
microscope. 
12. Oospore germination 
Germination of oospores was studied over five months beginning October 
(end of the crop season) by using the oospore suspension prepared by extracting 
the oospores from the nylon pouches buried in soil (Section 11.3). The oospores 
was transferred to sterilized distilled water (1:1 ratio) in 3.5 cm dia. disposable 
Petri dishes and incubated at 18+rC in dark for the period till their germination 
Plate 4. Testing of oospore viability using plasmolysis test 
Fig. 1: Non-plasmolysed oospore (non viable) 
Fig. 2-4: Viable oospores showing different stages of plasmolysis 
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(Foster et al., 1983). The oospores were observed daily for their germination 
under the microscope to a maximum of 48 days. 
13. Effect of root exudates, root extracts and soil extract on oospore 
germination 
The effect of root exudates, root extracts of potato and soil extract of 
potato field on oospore germination was observed using 6 months old oospores 
buried in non-sterilized soil (Section 11.3). 
13.1 Preparation of root extracts 
Plants of potato cvs. Kufri Chandramukhi, Kufri Jyoti, Kufri Badshah, 
Kufri Megha and Kufri Jawahar were raised in sand. Roots (10 g) of each of the 
cultivar were homogenised in 100 ml distilled water and centrifuged at 10,000 
rpm for 10 minutes. The supematents were retained and sterilized by passing it 
through bacterial filters, which served as root extracts of potato. 
13.2 Preparation of root exudates 
Single eyes were scooped from tubers of five cvs. viz., Kufri 
Chandramukhi, Kufri Jyoti, Kufri Badshah, Kufri Megha and Kufri Jawahar and 
planted in sand-soil mixture. After 20 days of planting, the plant stems were 
uprooted gently alongwith the entire root system. The roots (intact) were washed 
in running tap water to remove soil debris. Thereafter, of the plants, roots were 
placed in a glass beaker containing 100 ml distilled water, in a manner that the 
roots remained immersed in water. After one week, the water in the beakers was 
collected and sterilized by passing through bacterial filters. 
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13.3 Preparation of soil extract 
Air dried soil (100 g) was added in 100 ml water, vigorously shake in an 
electric shaker at 140 rpm for 2 hrs and was left overnight (Banihashemi and 
Mitchell, 1976). The supematent was filtered and sterilized by passing through 
bacterial filters. 
13.4 Oospore germination studies 
One ml oospore suspension was added to 3.5 cm Petri dishes containing 
1ml each of the root exudates, root extracts, soil extract and sterilized distilled 
water. The dishes were incubated at 18±rC till the germination occurred (Jiang 
and Erwin, 1990). Oospore germination was recorded daily till 50 days 
microscopically for presence/absence of germ tube. 
14. Infection potential of germinated oospores 
The infection potential of germinated oospores was investigated by 
inoculating the oospores germinated in soil extract on to the tuber slices. Tuber 
slices (1cm thick) of susceptible cultivar (Kufri Chandramukhi) were cut with a 
sterilized knife and 100 |il suspension of germinating oospores was added to each 
slice. The inoculated tuber slices were kept in Petri plates. The dishes were 
placed in airtight plastic boxes lined with moist foam sheet which were incubated 
at 18±rC for 12 days. Besides, high humidity was maintained by adding 100 1^ 
sterilized water daily on each slice. Late blight tuber infection was recorded daily 
after 6 days incubation by cutting the tuber slices both transversely as well as 
longitudinally. 
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15. Oospore as primary source of the disease 
15.1 Potato plants 
Field soil (4.5 kg) was seeded with sonicated oospore suspension (for 
details see section 11.2) and mixed thoroughly. The oospore infested soil was 
filled in plastic pots each containing 375 g soil. The pots were kept in open air 
for natural weathering. The experiment was started in 1st week of November, 
which coincided with the crop harvest in Shimla hills. In the last week of March, 
each pot was planted with one tuber eye of susceptible cv Kufri Chandramukhi 
and the pots were watered daily for getting desired germination. After 20 days 
of planting, the pots were shifted to late blight screening chamber where 
temperature and RH were maintained at 18±rC and >98%, respectively. Light 
was provided at 120-140 fimoles m'^  S"' for 8 hrs daily. The plants were observed 
visually for late blight infection regularly. 
15.2 Tuber slices 
The soil containing oospores was collected from the pots prepared for 
bioassay under section 15.1 and added to the tuber slices (Ig/tuber slice) of cv 
Kufri Chandramukhi. The slices were watered daily by adding sterilized water 
to one set of slices, whereas the other set was watered with sterilized water + 
antibiotics (100 |ig ampicillin/ml+50 ng Rifamicin/ml). The slices were 
incubated at 18±rC for 10 days. 
16. Isozyme analysis 
16.1 Mass production of P. infestans in Rye Broth 
Rye broth medium (60 g rye, 15 g sucrose, 65 mg PCNB, distilled water 
to make 1000 ml) was used for multiplying P. infestans. Thirty five ml of the 
medium was dispensed in 100 ml Erlenmeyer flasks and sterilized at 15 p.s.i. for 
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20 minutes. Each of the flasks was inoculated with 0.5 cm dia. P. infestans disc 
cut from the 10 days old cultures grown on Rye B agar. The inoculated flasks 
were incubated for 15 days at 18±rC. At the end of incubation period, the 
mycelial mats were harvested by filtering through sterilized Whatman No. 1 filter 
paper. To remove the excess/adhering salts, the mats were repeatedly washed 
with sterile distilled water and dried in between two folds of sterilized Whatman 
No. 1 filter paper at room temperature. 
16.2 Enzyme extraction 
For each isolate 150 mg mycelial mats, obtained as per details given under 
section 16, were grounded in liquid nitrogen with a pre-chilled, sterile pestle and 
mortar. Powdered mycelium was transferred to Eppendorf tubes containing 400 
\i\ extraction buffer (1 M Tris-HCl, pH 6.8). The extraction buffer was pre-
warmed at 65°C in a water bath. The powdered mycelium and extraction buffer 
were mixed properly by inversion and centrifuged at 11,000 rpm for 15 minutes. 
The clear supematent was collected and stored at -20°C for ftiture analysis of 
isozymes. 
16.3 Estimation of proteins 
Estimation of proteins was done using Lowry et al. (1951) method, as 
described under: 
16.3.1 Lowryl's solution A 
Twenty g Na2C03 and 4 g NaOH were dissolved in 1 liter of distilled 
water. 
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16.3.2 Lowryl's solution B 
One g sodium-potassium tartarate was dissolved in 70 ml of distilled 
water. To this 3 g CUSO4 was dissolved and final volume was made 100 ml. 
16.3.3 Working reagent 
Working reagent was made by adding 1ml Lowryl solution B into 50 ml 
of Lowryl solution A. 
16.3.4 Phenol reagent 
IN Phenol Reagent was used. 
Five ml of working agent was added to 100 \i\ of sample and left for 10 
minute. To this 0.5 ml of phenol reagent was added and mixed immediately. The 
sample was allowed to stand for 30 minute and absorbance was read at 750 nm 
using a spectrophotometer (Spekoll-11, Germany). 
16.4 Analysis of Glucose-6-phosphate isomerase (Gpi) by native PAGE 
(Polyacrylamide gel electrophoresis) 
Electrophoretic phast gel system of Pharmacia Biotech (Pharmacia LKB 
Phast system, Sweden) was used for analysis of the Gpi isozyme. Ready made 
phast gels of 4-15 gradient and native buffer strips were used. These gels (code 
No. 17-0678-01) and native buffer strips (code No. 17-0517-01) were procured 
from M/s Biotech Asia Pecific Limited, Hongkong. 
Twenty five \il of the stored sample (Section 16.1) was taken in an 
Eppendorf tube and to it was added 5 \i\ bromophenol blue (0.01%), the loading 
dye. A short pulse spin was given using a microcentrifuge before carefully 
loading the samples into the wells. The phast gel electrophoretic system was set 
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at 400 V, 15°C and the accumulated voltage per hour was maintained at 108 avh. 
The gel was run till the loading dye reached the bottom of the gel. It normally 
took 40-45 minutes. Subsequently, the gel was carefully taken out and stained in 
appropriate staining solution, as per details given in Section 16.4. Gels were 
photographed immediately after appearance of the bands. 
16.5 Staining for Gpi isozyme 
This was done according the methods proposed by Delorenzo and Ruddle 
(1969) and Shaw and Prasad (1970). 
Staining buffer 
1.21 g of Tris (Hydroxyl methyl Aminomethane) was dissolved in 
distilled water and the pH was adjusted to 8.0 with concentrated hydrochloric acid 
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The gel was incubated at 37°C for about 30 minutes in the above solution, 
washed and fixed in 13% glycerol. 
'.-r-5'5'6^ 
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16.6 Analysis of Peptidase isozyme by Starch gel Electrophoresis 
16.6.1 Gel Buffer (TC-8.0) 
Tris (0.023M) 2.79 g 
Citric acid (0.005M) 1.05 g 
Both Tris and citric acid was dissolved in distilled water and the pH was 
adjusted with concentrated hydrochloric acid or potassium hydroxide. The 
volume was made upto 1000 ml and stored at 4°C. 
16.6.2 Electrode buffer (TC 8.0) (Selander e/a/., 1986) 
Tris (0.687M) 83.2 g 
Citric acid (0.157M) 33 g 
Both Tris and Citric acid were dissolved in distilled water and the pH was 
adjusted to 8.0 with hydrochloric acid or potasium hydroxide. The volume was 
made upto 1000 ml by adding distilled water and stored at 4°C. 
16.6.3 Preparation of starch gels (Forbes, 1997) 
Potato Starch (hydrolysed) 12 g 
Gel buffer 100 ml 
Thirty five ml of the gel buffer was added to 12 g hydrolysed potato starch 
and shaked. To this was added 65 ml of the boiling while swirling the starch 
solution. The gel was allowed to cook, with occasional swirling, until it was clear 
and thinner. The gel was poured into midi tray gel caster with a circular motion 
and bubble if any, were removed with a Pasteur pipette. The comb was inserted 
immediately after pouring the gel solution in gel caster. When gels had 
completely set, the comb was removed and the gels were covered with plastic 
wrap. 
57 
16.6.4 Loading of samples 
Twenty five )il of the stored samples was taken in an Eppendorf tube and 
to it was added 5 [i\ of loading dye (0.01% bromophenol blue). A short pulse 
spin was given using microcentrifuge before carefully loading the sample into the 
wells with the help of pipette. 
The Tris-citric acid electrophoresis buffer was added to buffer tanks 
(about 1/2 full) and handi-wipes made of Whatman No.l filter paper folded twice 
with folded side up were put in. Handi-wipes were put onto both sides of the gel, 
about 2cm, and filled further with buffer. The amperage was set at 30 amp. The 
samples were allowed to run for 5-6 hours. Subsequently, the gel was carefully 
taken out and stained in appropriate staining solution (Section 16.6.5). 
16.6.5 Staining solution for Peptidase (Goodwin et al, 1994) 
Staining buffer (TBE 8.7) 
Tris 2.18 g 
Boric acid 0.62 g 
NaEDTA 0.125 g 
pH 8.7 
The above chemicals were dissolved in distilled water and the pH was 
adjusted to 8.7 with concentrated hydrochloric acid and the volume was made 
upto 100 ml. 
Reagents 
Glycyl - L - leucine 50 mg 
Peroxidase 4000 unit 
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cc-aminoacid oxidase 1.5 unit 
Agar 1% 10 ml 
The above reagents were mixed with 10 ml staining buffer. The dissolved 
agar (1%) was added at the last. Staining solution was poured over gel and 
incubated in the dark for 3-4 hours. 
RESULTS 
1. Population dynamics of A, and Aj mating types 
Population dynamics of A, and A2 mating types was studied in three 
regions viz., North-western . hills, North-eastern hills and Indo-gangetic plains 
during three consecutive years (1996-98). 
1.1 North-western hills 
This region mainly consists of temperate highlands with plenty of 
precipitation (900-1300 mm) and moderate temperature (17-22°C) during potato 
crop season (March-October). A total of 120 isolates of Phytophthora infestans 
were collected from different parts of North-western hills during each of 1996, 
1997 and 1998. The sampling was done in the beginning of crop season when 
late blight severity was <5%, middle of the crop season (40-60% late blight 
severity) and at harvest (100% late blight severity). Results revealed that 
frequency of A2 mating type was 76.1% in 1996 which increased to 90.9% in 
1997 and declined to 86.5% in 1998 (Fig.l). 
1.2 North-eastern hills 
This area mainly comprises both mid-hills (1000-1200 m altitude) and 
high hills (2000 m altitude) where two crops of potato are taken in a year; first 
crop during February-August, and second from August to November. The 
weather remains congenial (similar to North-western hills) for appearance and 
build-up of late blight right from May to October. This area, however, receives 




























The race spectrum in this region is highly complex (7-9 gene complex). Because 
of prolonged and highly congenial weather conditions and complex race spectrum 
of the fungus, this region is considered as hot spot for the late blight in India. 
Based on the analysis of a total of 40 isolates collected each year (1996-
1998), A2 mating type population was 77% in 1996, which increased to 78.2% in 
1997. In 1998, A, mating type was completely displaced resulting to 100% Aj 
mating type (Fig. 2). 
1.3 Indo-Gangetic (sub-tropical) plains 
This is the region where 80% potatoes are grown in India. The weather 
generally remains dry during the crop season (October-March). The blight does 
not appear regularly in this region because once in 2-3 years the weather becomes 
congenial (overcast sky, fogginess coupled with intermittent rains) for the fungus 
for short period. However, the trend has changed during the last 2-3 years 
wherein the disease has assumed epiphytotic proportions resulting in heavy crop 
losses. 
A total of 100 isolates of P. infestans from different parts of this region 
(Punjab, Haryana, Uttar Pradesh, Bihar and West Bengal) were collected each 
year (1996-1998). Results revealed that P. infestans population in this region in 
1996 comprised only of the old strain (A, mating type). Aj mating type was, 
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1.4 Dynamics of mating types within tlie crop season 
As described under section 1.1, P. infestans isolates were collected at 
three different crop stages and analyzed for their mating types. The population 
was studied for two consecutive years viz., 1996 and 1997. During 1996, 
population of old strain (A, mating type) was 22.7% in the beginning of the crop 
season, which was not detected subsequently throughout the crop season 
including at harvest. In 1997 its population was low (9.1%) in the beginning of 
crop season and remained almost unchanged throughout crop season (Fig. 4). 
2. Comparative aggressiveness of P. infestans mating types on detached 
leaves 
Four isolates of A, and five isolates of Aj mating types were evaluated for 
their aggressiveness using detached leaves of 7 potato cultivars having different 
level of resistance to late blight starting from susceptible (Kufri Chandramukhi) 
to highly resistant (Kufri Giriraj). Aggressiveness was assessed by determining 
mean lesion area (MLA). Results revealed that Aj mating type was significantly 
more aggressive than Ai mating type (4.37 and 4.06 cm^ MLA in A2 and A, 
mating types, respectively; LSD (005, = 0.22) (Fig. 5). There was no significant 
difference in aggressiveness of the two mating types over varieties (Fig. 6). 
There was significant difference in aggressiveness within A, and A2 
mating type isolates (Fig. 7-8). Among A, mating type isolates, isolate 
KCM(K)13 showed significantly highest aggressiveness (4.85cm^ MLA), 
followed by Patna C (4.36 cm^). Remaining two isolates viz., KCM(K)10 and 
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Plate 5. Differential reaction of 6 potato cultivars to Phytophthora infestans 
(Ai mating type) 

62 
respectively). Interaction between isolates and cultivars was statistically 
significant. Aggressiveness of all the 4 A, isolates was found to be more or less 
same on cvs. Kufri Giriraj, Kufri Megha, Kufri Sutlej and Kufri Chandramukhi 
while it varied on rest of the cultivars. The isolate KCM(K)13 on cv Kufri 
Badshah caused a 4.7Icm^ MLA, followed by 3.81 and 2.39 cm^MLAby Patna 
C and KCM(K)14 isolates, respectively. Isolate KCM(K)10 showed the least 
aggressiveness (1.77 cm^ which was statistically significant at P=0.05). Similar 
trend was observed on cv Kufri Jawahar and Kufri Jyoti (Fig. 7) (Plate 5). 
Among A2 mating type isolates, isolate GT-2 showed highest 
aggressiveness (6.03cm^ MLA), followed by GT-4 (5.08 cm )^ and GT-5 (4.14 
cm )^. Isolate GT-3 was found least aggressive (2.83 cm^MLA) (Fig. 8). Similar 
reactions were observed on all cultivars except cv Kufri Chandramukhi on which 
all the isolates were equally aggressive (Fig. 8). 
3. Composite fitness index of A, and A2 mating type 
Composite fitness index (CFI) of 5 isolates each of A, and Aj mating 
types was estimated using whole plants of 7 potato cultivars viz., Kufri Giriraj, 
Kufri Megha, Kufri Badshah, Kufri Sutlej, Kufri Jawahar, Kufri Jyoti and Kufri 
Chandramukhi having different levels of resistance to potato late blight. Three 
components viz., infection frequency (IF), lesion area (LA) and sporulation 
capacity (SC) were measured for all 7 cultivars separately and composite fitness 
index was calculated. 
Aggressiveness of P. infestans irrespect of the mating type varied with 
cultivars and CFI was a lowest and highst on cv Kufri Giriraj (CFI 272) and Kufri 
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63 
Chandramukhi (CFI 86965), respectively (Table 1). Aj mating type was 
comparatively more aggressive than A, mating type (CFI 30746 and 24625, 
respectively; LSD (o.o5)= 32.96). A, mating type isolates were least fit on cv Kufri 
Giriraj (CFI 0.0) as all of them failed to sporulate on it. Next in order was cv 
Kufri Megha followed by Kufri Badshah, Kufri Jawahar, Kufri Jyoti, Kufri Sutlej 
and Kufri Chandramukhi. Similar trend was observed with regard to fitness of 
A2 mating type on different cultivars, although the fitness of Aj was relatively 
more on all the cultivars tested. A2 mating type isolates were able to sporulate on 
cv Kufri Giriraj (Table 1). 
3.1 Composite fitness index (CFI) of A, mating type isolates 
Among A, mating type isolates, isolate KCM(K)2 was most fit (CFI 
41347), followed by isolates KCM(K)13 (CFI 31561), Patna C (27145), 
KCM(K)14 (12611) and KCM(K)10 (10459). Similar trend was observed for 
almost all potato cultivar under study (Table 2). 
3.2 Composite fitness index (CFI) of Aj mating type isolates 
The isolate GT-2 was most fit (CFI 58687), followed by isolates GT-4 
(51384), GT-5 (20086), SH-9 (14780) and GT-3 (8790). All of them were 
significantly different from each other. Almost similar trend was observed on all 
the 7 potato cultivars used in the study (Table 3). 
3.3 Components of composite fitness index 
Pattern of component of fitness i.e., infection frequency (IF), lesion area 
(LA) and sporulation capacity (SC) in all the A, isolates by and large followed 
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67 
capacity did not follow the CFI trend. On cv Kufri Megha, highest CFI was 
caused by isolate KCM(K)2, whereas sporulation capacity was highest for the 
isolate Patna C (Table 4). 
In case of Aj mating type isolates, IF and LA by and large followed the 
CFI trend except on cv Kufri Jawahar, where IF and LA were highest for isolate 
GT-2 (Table 9). Sporulation capacity also followed the CFI trend (Tables 4-10) 
except for Kufri Sutlej and Kufri Giriraj. Isolate GT-4 showed highest SC on 
three cultivars (Kufri Badshah, Kufri Jyoti and Kufri Chandramukhi); isolate SH-
9 on cv Kufri Megha and isolate GT-3 on cv Kufri Jawahar. 
Data on CFI and their components on different cultivars indicated that 
both in case of A, and A2 mating types the trend of IF and LA was the same as 
that of CFI i.e., Kufri Giriraj was least fit, followed by Kufri Megha, Kufri 
Badshah, Kufri Jawahar, Kufri Sutlej, Kufri Jyoti and Kufri Chandramukhi 
(Tables 11-12). However, SC of A, mating type was highest on cv Kufri Jyoti, 
followed by Kufri Megha, Kufri Chandramukhi, Kufri Sutlej, Kufri Badshah, 
Kufri Jawahar and Kufri Giriraj (Table 11). Highest SC of Aj mating types was 
recorded on cv Kufri Megha, followed by Kufri Jyoti, Kufri Jawahar, Kufri 
Chandramukhi, Kufri Sutlej, Kufri Badshah and Kufri Giriraj (Table 12). 
4. Comparative aggressiveness of A, and Aj mating types on whole tubers 
Aggressiveness of 5 isolates each of A, and Aj mating types was 
compared using whole tubers of 6 potato cultivars viz., Kufri Megha, Kufri 
Badshah, Kufri Jawahar, Kufri Sutlej, Kufri Jyoti and Kufri Chandramukhi. Data 
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type was relatively more aggressive than A, mating type (Plate 6-7; 7.00 and 
6.78cm^MLA, respectively) but differences were not statistically significant. 
When ML A of A, and A2 mating types were compared together tubers of 
cv Kufri Chandramukhi were most susceptible (9.99 cm^ MLA) followed by 
Kufri Jyoti (7.81 cm^), Kufri Sutlej (6.85 cm^), Kufri Jawahar (6.77 cm^), Kufri 
Badshah (5.55 cm )^ and Kufri Megha (4.34 cm^) (LSD (0.05) = 0.55). Similar 
trend was observed when A, and Aj mating types were compared separately as 
a group (Fig. 9) as well as individual isolates (Fig. 11-12). 
Data on mean over cultivars revealed that among A, mating type isolates, 
isolate KCM(K)2 was most aggressive. Next in order were KCM(K)13 and Patna 
C which were at par with each other (7.44 and 6.90 cm^ MLA, respectively; 
LSD(o,o5)= 0.64), but significantly better over KCM(K)14 and KCM(K)10 (5.94 
and 5.72 cm^ MLA, respectively; LSD(o.o5)= 0.64) (Fig. 10). 
Among A2 mating type isolates, isolate GT-2 showed statistically highest 
aggressiveness over all other isolates, followed by isolate GT-4, GT-5 and SH-9, 
which were at par with each other (7.92, 6.57 and 6.35 cm^ MLA; LSD (O.QS) = 
0.64) but superior to the isolate GT-3 (Fig. 10). Interactions between isolates 
(both the mating type) and cultivars were not significant. 
5. Comparative aggressiveness of A, and Aj mating types on tuber slices 
Five isolates each of A, and A2 mating types evaluated earlier on whole 
tubers (Result 4.0) were again compared for their aggressiveness on tuber slices 
of CVS. Kufri Chandramukhi (Plate 8) and Kufri Jyoti. Results confirmed the 
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Plate 6. Comparative aggressiveness of Ai mating type isolates using 
whole tubers 
Fig. 1: Differential tuber infection of 3 isolates, 7 days after inolculation 
Fig. 2: Tuber infection 15 days after inoculation 

Plate 7. Comparative aggressiveness of A2 mating type isolates 
using whole tubers 
Fig. 1: Tuber infection 7 days after inoculation 
Fig. 2: Tuber infection 15 days after inoculation 

Plate 8. 
Fig. 1: Tuber slices of cv Kufri Chandramukhi showing differential reaction 
to Phytophthora infestans Ai mating type isolates 
Fig. 2: Tuber slices of cv Kufri Chandramukhi showing differential reaction 
to P. infestans A2 mating type isolates 
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were statistically at par with each other (2.05 and 2.04 cm^ MLA, respectively). 
Similar trend was observed on both the cultivars viz., Kufri Chandramukhi and 
Kufri Jyoti (2.10 and 1.99 cm^ MLA, respectively) (Fig. 13). However, both A, 
and Aj mating type isolates were significantly more aggressive on Kufri 
Chandramukhi than Kufri Jyoti when whole tubers were used (9.99 and 7.8Icm^ 
MLA, respectively; LSD (0.05) = 0.55) (Fig. 9). 
Individual isolates of both A, and Aj mating types differred in their 
aggressiveness on both the cultivars but were non-significant (Fig. 14-15). 
6. Aggressiveness of two mating types under Indian storage conditions 
Five isolates each of A, and kj mating types were evaluated for their 
aggressiveness under country storage condition using whole tubers of cv Kufri 
Chandramukhi. The main aim of the study was to elicit information on the 
survival of two mating types under existing Indian storage conditions. Data on 
tuber rottage (mean over isolate and storage period) revealed that A2 mating type 
was comparatively more aggressive as compared to the A, mating type (infected 
tuber area 66.17 and 40.85%, respectively; LSD (o,o5)= 2.03). Observation on 
progress of rottage showed that the percent difference between two mating types 
were more pronounced in the beginning (30.1%), but it narrowed down with the 
advance of storage period (17.5%)) (Table 13). 
6.1 Aggressiveness of A, mating type 
Significant differences were observed between the isolates of same mating 
type (Table 14). Among A, mating type isolates, isolate KCM(K)14 showed 
highest aggressiveness (infected tuber area 49.34%), followed by KCM(K)13 and 
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Patna C, last two isolates were being at par with each other (45.25 and 44.53%, 
respectively; LSD(o.o5) = 2.60). Least aggressiveness was shown by isolate 
KCM(K)10 (24.83%). However, this trend was not discernible in the beginning 
and subsequent observations. For example, at 30 days after storage, highest 
aggressiveness was observed in isolate KCM(K)10 and least by Patna (C) 
(infected tuber area 7.8 and 235%, respectively; LSD(oo5) = 4.52). Isolate 
KCM(K)13 and KCM(K)10 were statistically at par with each other (4.59 and 
7.8%, respectively; LSD(o.o5) = 4.52). At 45 days, isolate KCM(K)13 took over 
rest of the isolates. Whereas at 60 days, the two isolates viz., KCM(K)10 and 
KCM(K)13, which were more aggressive in the beginning were took over by the 
remaining isolates (Table 14). 
6 .2 Aggressiveness of A^  mating type 
Among Ai mating type isolates, the isolate GT-2 showed highest 
aggressiveness (mean over storage period, 78.13%o tuber area infected), followed 
by SH-9 (70.31%). Isolate GT-3 and GT-4 were statistically at par with each 
other (69.27 and 69.92, respectively; LSD (o.o5)= 2.60). The isolate, GT-5 showed 
least aggressiveness (43.23%). However, this trend was not observed at all stages 
of storage period. For example, at 45 days of storage, isolates GT-3, GT-4 and 
SH-9 proved to be the most aggressive (tuber area infected 100% in each case). 
Isolate GT-2 ranked 4th (67.19%) in the order of aggressiveness. However, 
isolate GT-5 continued to be least aggressive (24.60%). By 60 days storage, tuber 
rottage was complete in all the isolates (Table 14). 
82 
7. Effect of temperature on aggressiveness of A, and Aj mating types 
Aggressiveness of 4 isolates each of A, and Aj mating types was compared 
at 3 temperature regimes viz., 15, 18 and 2rC using detached leaves of cvs. Kufri 
Chandramukhi and Kufri Jyoti. Data on (mean over isolates, temperature and 
cultivars) aggressiveness of two mating types revealed that Aj mating type was 
slightly more aggressive (4.37 and 4.63 cm^ MLA, in A, and Aj mating types, 
respectively). Interaction between temperature regimes and cultivars was also 
statistically non-significant. Similarly, interactions between mating types x 
temperature regimes and mating types x cultivar were also non-significant. 
Aggressiveness of P. infestans irrespect of the mating type varied with 
temperature regimes on both the cultivars. It was highest at 18°C, followed by 
2 rC and 15°C (6.89, 4.91, 2.83 cm^ MLA at 18, 21 and 15°C, respectively; LSD 
(0.05) ~ 0-35) on cv Kufri Chandramukhi. Similar trend was observed on cv Kufri 
Jyoti (6.92, 4.33 and 2.12 cm^ MLA at 18, 21 and 15°C, respectively; LSD (QOS) 
= 0.35). The cultivar Kufri Chandramukhi was relatively more susceptible than 
cv Kufri Jyoti (Fig. 16). 
7.1 Aggressiveness of A, mating type 
Among A, mating type isolates, aggressiveness of isolate KCM(K)2 was 
highest on cv Kufri Chandramukhi, which was statistically at par with 
KCM(K)13 (5.21 and 4.80 cm^ MLA, respectively; LSD(o.o5)= 0.68). This was 
followed by KCM(K)14, which was at par with KCM(K)10 (4.41 and 4.18 cm^ 
MLA, respectively; LSD ,005)= 0.68). Similar trend in aggressiveness of all the 
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7.2 Aggressiveness of A2 mating type 
Aggressiveness of all the Aj mating type isolates followed the same trend 
on both the cultivars namely, Kufri Chandramukhi and Kufri Jyoti. The isolates 
GT-2 proved most aggressive (6.08 and 5.26 cm^ MLA on Kufri Chandramukhi 
and Kufri Jyoti, respectively). This was followed by isolate GT-4 (5.75 and 4.67 
cm )^, GT-5 (4.55 and 3.60 cm )^ and GT-3 (4.02 and 3.10 cm )^. Isolate GT-2 and 
GT-4 were at par with each other but significantly superior over GT-3 and GT-5 
(Fig. 17). 
Interactions between isolate x temperature, isolate x cultivar and isolate 
X cultivar x temperature were non-significant (Fig. 18-21). Among A, mating 
type, isolate KCM(K)2 showed highest aggressiveness at 15, 18 and 2rC on cvs 
Kufri Chandramukhi and Kufri Jyoti tested. However, the differences of 
aggressiveness of KCM(K)2 were non-signiilcant compared to other isolates 
(Fig. 18-19). Similarly, among A2 mating type, isolate GT-2 showed highest 
aggressiveness at all the temperatures on the cultivars tested but again differences 
among the isolates were non-significant (Fig. 20-21). 
8. Effect of relative humidity (RH) on fitness index of P. infestans mating 
types 
Fitness index of five isolates each of A, and Aj mating types was 
evaluated at two RH regimes (85 and 100%) using whole plants of two potato 
cultivars viz., Kufri Chandramukhi and Kufri Jyoti. Individual components i.e., 
infection frequency (IF), lesion area (LA) and sporulation capacity (SC) were 
estimated and composite fitness index (CFI) was computed for all the isolates. 
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Data on CFI (mean over isolates/cultivars/relative humidity) revealed that 
A2 mating type isolates were more fit than the A, mating type isolates (CFI 43867 
and 33643, respectively; LSD (o.o5)= 45.84). Among the two RH regimes, 100% 
RH was more favourable to disease development than 85% RH (CFI 62831 and 
14678 respectively). The cultivar Kufri Chandramukhi proved more susceptible 
to P. infestans attack than Kufri Jyoti (CFI 49291 and 28219, respectively). 
Interaction between mating types and RH revealed that Aj mating type 
isolates (mean over isolate and cultivars) were comparatively more fit than A, 
mating type isolates both at 85%) and 100%) RH. However, differences were more 
pronounced at 100%o RH (CFI 70588 and 55075 in A2 and A, mating types, 
respectively; LSD (o.os)^  64.83). 
Interaction between the mating types and cultivars was also significant. 
Like RH, A2 mating type was also more fit on both the cultivars viz., Kufri 
Chandramukhi and Kufri Jyoti. The differences among the cultivars were almost 
similar (CFI of A, and Aj mating types 44119 and 54462 on cv Kufri 
Chandramukhi and 23165 and 33276 on cv Kufri Jyoti, respectively) (Table 15). 
The interaction between mating type x RH x cultivar was significant. Aj 
mating type isolates (mean over isolates) were comparatively more aggressive 
than A, mating types at both RH regimes as well as cultivars (Table 15). 
Comparison of A, mating type isolates for their CFI revealed that isolate 
KCM(K)2 was most fit (CFI 53920), followed by KCM(K)13 (39314), Patna C 
(33952), KCM(K)14 (20937) and KCM(K)10 (20088). Interactions between 
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Fitness of the isolates varied with RH regimes. At 85% RH, isolate KCM(K) 2 
proved most fit, followed by KCM(K)13, Patna C, KCM(K)10 and KCM(K)14 
(Table 16). However, at 100% RH, isolate KCM(K)2 proved most fit, followed 
by KCM (K)13, Patna C, KCM(K)14 and KCM(K)10 (Table 16). 
Data on interaction between isolate x cultivar revealed that isolate 
KCM(K)2 was most fit on both the cultivars (59845 and 47995 CFI of Kufri 
Chandramukhi and Kufri Jyoti, respectively) followed by isolate KCM(K)13 (CFI 
49002 and 29625, respectively), Patna C, KCM(K)14 and KCM(K)10 (Table 16). 
Interaction between isolate x cultivar x RH revealed that fitness of the 
isolates varied with cultivar at a given RH regime and vice-versa (Table 16). At 
85% RH, isolate KCM(K)2 was most fit on cv Kufri Chandramukhi (CFI 21239), 
whereas KCM (K)10 proved to be least fit (CFI 8689). However, fitness trend 
was not similar on cv Kufri Jyoti. On this cultivar isolate KCM(K)2 proved most 
fit (CFI 14724) and isolate KCM(K)14 the hast fit (CFI 3988). However, at 
100% RH regime, pattern of fitness was similar on both the cultivars KCM(K)2, 
being most fit (CFI 98450 and 81266 on cv Kufri Chandramukhi and Kufri Jyoti, 
respectively; Table 16). 
Data on comparative fitness of A2 mating type isolates revealed that 
among all the isolates, isolate GT-2 was most fit (CFI 87793), followed by GT-4 
(CFI 66132), GT-5 (CFI 29941), SH-9 (CFI 24904) and GT-3 (CFI 10568). 
Interactions between isolate x RH, isolate x cuhivar and isolate x cultivar x RH 
were also significant at P=0.05. Fitness of the isolates varied with RH regimes. 
At 85% RH, isolate GT-4 proved most fit (mean over cultivars, CFI 31070) 
87 
followed by GT-2 (CFI29815) GT-5 (CFI 11320) SH-9 (CFI 10205) and GT-3 
(CFI 3320). On the other hand, at 100% RH, isolate GT-2 was most fit (CFI 
145770), followed by isolate GT-4 (CFI 101194), GT-5 (CFI 48561), SH-9 (CFI 
39602) and GT-3 (CFI 17815). Pattern of fitness of A2 mating type isolates was 
similar on both the cultivars. Highest fitness was shown by isolate GT-2 (CFI 
105196, 70389 on cvs Kufri Chandramukhi and Kufri Jyoti), followed by GT-4 
(CFI 72408, 59855),GT-5 (CFI 43720, 26416), SH-9 (CFI 34495, 15312) and 
GT-3 (CFI 16495,4640). 
Interaction between isolate x cultivar x RH revealed that at a given RH 
regime fitness of the isolates varied with cultivars. At 85% RH isolate GT-2 was 
most fit on cv Kufri Chandramukhi, whereas on Kufri Jyoti, the isolate GT-4 
proved to be the most fit. The isolate GT-3 was least fit on both the cultivars. 
Pattern of fitness of the isolates was similar on both the cultivars at 100% RH. 
Isolate GT-2 was most fit, followed by GT-4, GT-5, SH-9 and GT-3 (Table 17). 
8.1 Effect of RH on fitness components 
Fitness components viz., infection frequency (IF), lesion area (LA) and 
sporulation capacity (SC) did not follow the composite fitness index (CFI) 
pattern. It varied with RH regimes, cultivars and mating types (Tables 18-21). 
8.1.1 Fitness components on cv Kufri Jyoti 
At 85% RH, among A, mating type isolates, the isolate KCM(K)2 showed 
highest IF, followed by KCM(K)13, Patna C, KCM(K)14 and KCM(K)10. 
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trend. It was highest in isolate KCM(K)10 and least in case of KCM(K)14 
(Table 19). 
Among A2 mating type isolates, GT-2 & GT-4 showed highest IF (0.81 
each),followed by GT-5 and SH-9 (0.48 each) and GT-3 (0.33). GT-2 isolate also 
showed highest lesion area and GT-3 the least one. SC did not follow this trend. 
It was highest of the isolate GT-4 and least in GT-3 (Table 19). 
At 100% RH regime A, mating type isolates followed, by and large, the 
same trend as occurred at of 85% RH inrespectof IF andLA. However, pattern 
of SC was altogether different at the two RH regimes. Isolate KCM(K)2 showed 
highest SC at 100% RH but was less than KCM(K)10 at 85% RH. Pattern of 
fitness components in A, and A2 mating type isolates at both the RH regimes was 
almost similar (Tables 18-19). 
8.1.2 Fitness components on cv Kufri Chandramukhi 
Pattern of fitness components varied with RH regimes and mating types 
(Tables 20-21). Among A, mating type isolates, isolate KCM(K)2, showed 
highest IF, LA and SC at both the RH regimes. Isolate KCM(K)10 on the other 
hand showed least IF, LA and SC at 85% RH. However, at 100% RH, it was at 
par with other isolates in respect of IF and third in the order of LA. Isolate 
KC]VI(K)14 also followed similar trend in respect of LA and SC at both the RH 
regimes. Isolate KCM(K)13 and Patna C recorded minor differences among the 
fitness component at the two RH regimes (Tables 20-21). 
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Among A2 mating type isolates, all of them showed similar trend at both 
the RH regimes, GT-2 being more aggressive, followed by GT-4, GT-5, SH-9 and 
GT-3. Isolate GT-2 also showed highest IF at both the RH regimes. However, 
its SC was highest at 100% RH, whereas it was next to GT-4 at 85% RH. At 85% 
RH, GT-4 showed highest SC, followed by GT-2, SH-9, GT-5 and GT-3, whereas 
at 100% RH, the order of SC was GT-2 > SH-9 > GT-5 > GT-4 > GT-3. 
9. Competitiveness of A, and A2 mating types 
Competitiveness of one isolate each of A, (KCM(K)IO) and Aj (KJ(H)9) 
mating type was studied by doing mix-inoculation with A, and A2 mating types 
in equal proportion on detached leaves of two potato cultivars viz., Kufri 
Chandramukhi and Kufri Jyoti. The leaves were reinoculated with the resulting 
inoculum of P. infestans zoospores till 27 clonal generations. Results revealed 
that after 13th generation, Aj mating type population increased from 50% to 
76.9% and 81.8%) on cvs. Kufri Chandramukhi and Kufri Jyoti, respectively. By 
27th clonal generation A, mating type was completely displaced by Aj mating 
type on cv Kufri Jyoti, whereas on cv Kufri Chandramukhi proportion of A, and 
A2 mating type was 10.5 and 89.5%, respectively (Table 22). 
10. Effect of temperature on zoosporangial germination of Aj and Aj mating 
types 
Germinability of zoosporangia of 5 isolates each of A, and Aj mating 
types was studied at 5 temperature regimes viz., 10, 18, 20, 23 and 30°C. Results 
revealed that germinability of Aj mating type (mean over isolates and temperature 
96 
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regime) was significantly higher than A, mating type (64.91 and 49.45 % 
germination in Aj and A, mating types, respectively). Among temperature 
regimes, 10°C was most suited for zoosporangial germination (mean over 
isolate91.35%), followed by 18°C (78.57%). The difference in the germination 
at 20 and 23°C was not significant. No germination whatsoever was observed at 
30°C. At 10°C, the germination was indirect (through release of zoospores), 
whereas at 18°C both direct and indirect germination was recorded, latter being 
greater. At 20 and 23°C, both types of germination were observed in equal 
proportion (Fig. 22). Interaction between mating type and temperature was 
significant. Zoosporangial germination in Aj mating type was significantly higher 
than A, mating type at the temperature regimes tested (Fig. 22). 
Among A, mating type isolates, isolate KCM(K)2 exhibited highest 
zoosporangial germination (mean over temperature, 54.23% germination) which 
was statistically at par with isolates KCM(K)13 (50.97%) and Patna C (49.71%). 
Isolate KCM(K)14 and KCM(K)10 were at par with each other (47.06% and 
45.27%^respectively)(Fig. 23). 
Among A2 mating type isolates, the isolate GT-2 showed highest 
zoosporangial germination (mean over temperature 68.99%) which was 
statistically at par with isolate GT-4 (66.93%). Isolate GT-5, SH-9 and GT-3 
were at par with each other. (Fig. 23). 
Pattern of zoosporangial germination among the isolates varied with 
temperature (Fig. 24-25). At 10°C, there was no significant difference in 
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zoosporangial germination of A2 mating type isolates. Among A, mating type 
isolates, except Patna C which showed least zoosporangial germination (88.58%), 
all the isolates were at par with each other. At I8°C, among A2 mating type 
isolates, isolate GT-3 showed significantly less zoosporangial germination 
(85.33%) as compared to other isolates. In rest of the isolates, the germination 
was more or less equal. Among A, mating type, the isolates KCM(K)14 and 
Patna C exhibited significantly less zoosporangial germination (60.68 and 
62.73%), respectively) as compared to other isolates. At 20°C, response of all the 
isolates irrespective of mating type was similar (Fig. 24-25). At 23°C, among A, 
mating type, isolates KCM(K)10 and KCM(K)14 showed significantly less 
zoosporangial germination over remaining isolates. Among Aj mating type 
isolates, isolates GT-2, GT-4 and GT-5 showed highest zoosporangial 
germination (43.60, 37.60, 36.47%), respectively LSD (o,o5)= 7.65) followed by 
SH-9 (34.87%), and GT-3 (26.67%) (Fig. 24-25). 
11. Growth rate on Rye B agar media 
A total of 65 isolates belonging to both Aj and Ai mating type and 
collected from temperate highlands and sub-tropical plains were compared for 
their cultural characteristics and growth rate on Rye B agar medium. A, mating 
type showed appressed to fluffy growth on Rye B agar medium with no mycelial 
clumps. A2 mating type colonies were fluffed with a range of mycelial clumps 
(with very small dots to fairly largely clumps; Plate 9). Results revealed that 
growth rate of A, mating type isolates varied from 1.1 to 3.21 cmVday. There 
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Fig. 1,2: A1 mating type isolates showing variations in colony morphology 
Rye B agar medium mycelial clumps not visible 
Fig. 3,4: A2 mating type isolates : Very few mycelial clumps are seen in Fig.3, 
whereas they are seen in abundance in Fig. 4 
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was no statistical difference in growth rate of isolates collected from sub-tropical 
plains and temperate highlands. Growth rate of Aj mating type isolates ranged 
from 0.59 to 3.66 cmVday. Except three Aj mating type isolates, which showed 
higher growth rate, the remaining A2 isolates were comparable with A, mating 
type isolates. 
12. Intra-isolate variation 
Fifteen single zoosporangial isolates were prepared from a single A, mating 
type isolate, isolated from a single late blight lesion collected from a potato field. 
Similarly, 14 single zoosporangial isolates were prepared from a A2 mating type 
isolate. These single zoosporangial isolates were analyzed for their growth rate 
on Rye B agar media, aggressiveness using detached leaves and whole tubers and 
physiologic races. 
12.1 Intra-isolate variation in Aj mating type isolates 
Results revealed that single zoosporangial isolates varied in their cultural 
characteristics, growth rate, aggressiveness and virulence pattern. Growth rate 
on Rye B agar media varied from 1.7 to 2.5 cmVday. Aggressiveness, (mean 
lesion area varied from 2.6 to 4.16 cm^ on detached leaves (Table 23). Variation 
in aggressiveness on tubers was very high i.e., 9.2 to 13.96 cm" (Table 24). 
All the isolates comprised of only two races. Seven isolates belonged to race 1. 
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12.2 Intra-isolate variation in Aj mating type isolates 
Intra-isolate variation in A2 mating type isolate was by and large similar 
to that of Ai mating type. Growth rate (Plate 10) on the medium in single 
zoosporangial isolates varied from 1.8 to 2.4 cmVday. Differences in 
aggressiveness on detached leaves were non-significant except one isolate (Table 
25). However, differences in aggressiveness on whole tubers were more 
pronounced among the single zoosporangial isolates; mean lesion area varying 
from 8.66 to 12.41cm^ (Table 26). All the isolates comprised of three races. Four 
isolates belonged to race 1.2.3.4.5.7.8.10.11, five to racel.2.3.4.5.7.8.11 and four 
isolates belonged to race 1.2.3.4.5.7.10.11. 
13. Oospore biology 
13.1 Survival of P. infestans oospores in nature 
P infestans oospores (Plate 11) were mass produced on Rye B agar media 
by pairing A, and Aj mating type isolates. The oospores were harvested and 
pouched in nylon cloths, which were then buried in soil. Weather data during the 
burial time (October to March) are given in Table 29. Oospores were drawn from 
the soil at 30 days interval and tested for their viability using 3 tests viz., MTT 
test, NaCl plasmolysis test and sucrose plasmolysis test. Results revealed that 
viability of oospores decreased gradually with the increase in burial period 
(Fig.26). There was statistical difference in the viability of oospores upto 60 days 
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Plate 10. Cultural variations among the single zoosporangial isolates of 
A2 mating type 

Plate 11. Phytophthora infestans oospores showing different shapes 
and sizes of anthridia 
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of burial (52%). However, 40% of the oospore remained viable even after 150 
days burial. 
All the 3 tests were effective in determining the oospore viability; there 
being no statistical difference among them with 68.79, 65.52 and 64.90% 
germination in MTT test, NaCl test and sucrose test, respectively (Fig. 26). 
13.2 Oosore germination 
Oospores germinated readily in distilled water almost entirely through 
antberidia (Plate 12). Highest germination was recorded in newly formed 
oospores (81.3%) followed by oospores buried for 30 days (79.8%). A drastic 
reduction in oospore germination was recorded at 60 days burial (45.6%). 
Further decrease recorded in oospore germination was not statistically significant. 
Even after 150 days burial, 32.4% of oospores were able to germinate. Time 
required for oospore germination was minimum in newly formed oospores, but 
increased gradually with increase in burial period. It took two days for the newly 
formed oospores to germinate which increased to 5, 15, 23,40 and 48 days after 
30, 60, 90, 120 and 150 days of burial, respectively (Fig. 27). 
13.3 Effect of root exudates and root extracts and soil extract on oospore 
germination 
190 days old oospores were dipped in sterilized soil extract, root extracts 
and root exudates for varying period to acertain their effect on oospore 
germination. Results revealed that root exudates and extracts of all the five 










o () 3 
00 
m B CD 
ikSKSisesessssQZGSicsssscuesssasi: 
!.!.'.;.!.!.;.!.!.!.'.!.!AW.'.'.M.P.'.'iJiW.'.!.'.'<'.J\ 













































• ^ ^ C 
o 











(%) uopeuiuijaS ly (SJ(BP) ua^e; auijx 
Plate 12. Phytophthora infestans germinating oospores in distilled water 
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days incubation period. However, soil extract was able to induce oospore 
germination. It took 15 days for their germination in soil extract as compared to 
50 days in sterilized distilled water. Percent germination was also high in soil 
extract (47%) as compared to sterilized distilled water (Table 27). 
13.4 Oospores as primary source of disease 
Infection potential of oospores was assessed as per the procedure 
described under section 15.1. Incubation of plants raised in oospore infested soil 
under controlled environmental (Temperature 18±rC; RH >90%) revealed that 
plants got infected at the base touching the soil. Thirty and sixty days of 
incubation 16.6% and almost 100% plants got infected, respectively (Table 28). 
Oospores first infected the tuber eyes and then spread to the stem base 
(Plate 13). Role of oospores in disease initiation was further confirmed by 
inoculating the tuber slices separately with germinated oospores in soil extract 
and soil infested with oospores. In both the cases oospores were able to infect 
tuber slices and produced late blight infection within 7-10 days (Plate 13, Fig.l). 
14. Characterization of P. infestans using isozymes 
P. infestans isolates collected fi-om both sub-tropical plains and temperate 
highlands were analyzed for Glucose-6-phosphate isomerase (Gpi) (Plate 14) and 
Peptidase {Pep) isozymes (Plate 15). The isolates comprised of both the mating 
types. A total of 96 isolates were studied for Gpi and Pep, which were collected 
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Plate 13. Phytophthora infestans oospores as primary source of 
the disease 
Fig. 1: Tuber pieces showing late blight infection, developed 
after their inoculation with germinated oospores 
Fig. 2: Portion of the potato tuber showing blight infection 
after the tuber was buried in oospores infested soil 
Fig. 3: Potato plant showing late blight infection incited by 
P, infestans oospores 

Plate 14. Phytophthora infestans isolates showing polymorphism at 
Glucose-6- phosphate isomerase (Gpi) loci 

Plate 15. Phytophthora infestans isolates showing polymorphism at 
Peptidase (Pep) loci 

110 
14.1 Glucose-6-phosphate isomerase (GpO 
14.1.1 Sub-tropical plains 
Monitoring of Gpi genotypes was carried out in the States of Bihar, Uttar 
Pradesh and Punjab. Isolates from Uttar Pradesh and Bihar, the two adjacent 
states, were pooled and analyzed for Gpi genotypes frequencies over the years, 
starting from 1993 to 1999. Isolates from Punjab were analyzed separately from 
1996 to 1999. Results revealed that Gpi genotypes varied from state to state, year 
to year and between mating types (Tables 30-31). Among A, mating type 
isolates, a total of 6 Gpi genotypes viz., 90/90, 100/100, 100/111, 111/111, 
107/107 and 107/111 were detected in subtropical plains as compared to four 
genotypes viz., 100/100, 111/111, 107/107 and 100/107 in A2 mating type. 
Genotype 100/107 was detected in Aj mating type only. 
Data on prevalence of Gpi genotypes in different states revealed that 
isolates from Uttar Pradesh and Bihar possessed 6 genotypes (90/90, 100/100, 
100/111, 111/111, 107/107 and 107/111) and followed by five genotypes in 
Punjab (100/100, 100/111, 111/111, 107/107 and 100/107). 
Analysis of Gpi genotypes over the years revealed that genotypes and 
their frequency varied from year to year at a given location. For example, in 
Punjab among A, mating type isolates, frequency of genotype 100/100 was 100% 
in the year 1996, which decreased to 30% in 1998, but again increased tol00% 
in 1999. The three genotypes viz., 100/111, 107/107, 111/111 detected in 1998 
were not recorded in 1999. 
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In A2 mating type isolates, frequency of Gpi genotypes 100/100, 111/111 
and 100/107 was 33.3%, 33.3% and 33.4%, respectively in 1998. In the 
subsequent year one more genotype i.e., \01I\Q1 were detected (Table 30). 
In the state of Uttar Pradesh and Bihar, among A, mating type isolates, 
only one Gpi genotype i.e., 100/100 was detected in 1993. Its frequency 
decreased to 23% in 1998 but again increased slightly (28.5%o) in 1999. During 
the intervening period (1993-1999) five new genotypes were recorded (Table 31). 
In 1999, frequency of genotype 107/107 was highest (42.8%)), followed by 
100/100,107/111, 100/111 and 111/111 (Table 31). 
A2 mating type isolates were analyzed only in the year 1999. Genotype 
100/100 was highest (66.6%), followed by 111/111 and 107/107 (Table 31). 
14.1.2 Temperate highlands 
Himachal Pradesh and Meghalaya representing North-western and North-
eastem hills of India.respectivelywere surveyed for prevalence of Gpi genotypes 
over the years. Results revealed that in Himachal Pradesh variability with regard 
to Gpi genotype was lowest. A total of only 3 genotypes viz., 100/100, 111/111 
and 100/107 were recorded there. In 1996, among A, mating type, frequency of 
100/100 genotype was 71.5%, which increased to 100% in 1999. In 1996, 
frequency of Genotype 100/100 Aj mating type was 87.5% in 1996, which 
decreased to 60% in 1999. Genotype 100/107 was detected only in 1999 
(Table32) 
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In Meghalaya hills a total of four genotypes viz.. 90/90, 100/100, 100/111 
and 111/111 were recorded, out of which two genotypes, (90/90 and 100/111) 
were prevalent only in this region and absent in Himachal Pradesh hills. 
Frequency of genotype 100/100 remained most dominating in both the years of 
study (Table 33). 
14.2 Peptidase (Pep) 
14.2.1 Sub-tropical Plains 
Isolates from the states of Bihar and Uttar Pradesh were pooled and 
analyzed for Pep over the years starting from 1993. Isolates from Punjab were 
analyzed separately over the years starting from 1996. Results revealed that Pep 
genotypes and their frequencies varied from state to state, year to year and 
between the two mating types (Tables 34-35). Among A, mating type isolates, 
a total of three Pep genotypes viz., 83/83, 92/92 and 100/100 were detected in 
sub-tropical plains as compared to two genotypes viz., 92/92, and 100/100 of Aj 
mating type. 
Data on prevalence of Pep genotypes in different states revealed that 
isolates from Uttar Pradesh and Bihar possessed highest number (3) of Pep 
genotypes viz., 83/83, 92/92 and 100/100 followed by Punjab (2) viz., 92/92 and 
100/100. 
Analysis of P. infestans populations over the years revealed that number 
of genotypes and their frequency varied from year to year at a given location. In 
Punjab among A, mating type isolates, only one genotype i.e., 100/100 was 
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detected in 1996. Its frequency remained unchanged upto 1998. However, in 
1999 another genotype viz.. 92/92 was detected (Table 35). Isolates belonging to 
A2 mating type possessed two genotypes viz., 100/100 and 92/92 in 1998 (50% 
each) and its frequency remained same in subsequent year. 
In the states of Bihar and Uttar Pradesh, among A, mating type isolates, 
two Pep genotypes viz., 100/100 (43.4%) and 92/92 (66.6%) were recorded in 
1993. By 1998, frequency of 92/92 genotype was decreased (23.4%), but 
increased of 100/100 (76.6%). In 1999 one more genotype i.e., 83/83 was 
detected. Besides detection of new genotypes considerable change in the 
frequency of various genotypes was also recorded (Table 34). 
14.2.2 Temperate highlands 
P. infestans from Himachal Pradesh and Meghalaya was analyzed for 
prevalence oiPep genotypes. Results revealed that in Himachal Pradesh a total 
of three genotypes viz., 83/83, 92/92 and 100/100 were recorded. Among A, 
mating type isolates, a total of 3 genotypes viz., 83/83, 92/92 and 100/100 were 
detected in 1996. All the three genotypes detected in A, mating type during 1996 
were also present in Aj mating type isolates as well. However, in 1999, only 
genotype 92/92 was detected (Table 36). Frequency of the two genotypes varied 
from year to year. For example in 1996 frequency of 100/100 genotype was in 
the range of 53.3-57.1%) which decreased to 0 and 40%o in 1999 in A, and A^  
mating types, respectively (Table 36). In Meghalaya, only one genotype i.e., 
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14.3 Classification oi Phytophthora infestans based on mating types and 
isozyme marlcers 
Based on mating type, Gpi and Pep genotypes, P. infestans isolates from 
the plains were grouped into 16 classes. Similarly, isolates from the temperate 
highlands were grouped in 10 classes. Five classes were recorded from both 
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Phytophthora infestans, the causal agent of potato late blight is 
hetrothallic in nature and requires two distinct mating types, A, and Aj for sexual 
reproduction. Until early 1980s, both the mating types were known to occur only 
in Central Mexico (Gallegly and Galindo, 1958). Whereas in rest of the world, 
only A, mating type was known to occur. The fungus reproduced asexually and 
survived as mycelium in seed tubers/refuge piles (Cox and Large, 1960). 
Situation, however, has changed dramatically in early 1980s, when hitherto 
unknown Aj mating type was detected, almost simultaneously in several 
European countries (Hohl and Iselin, 1984; Malcolmson, 1985; Schober and 
RuUich, 1986; Tantius et al, 1986). Subsequently, it was recorded from Asia 
(Shaw era/., 1985; Grinbergere/a/.. 1989, Mosa era/., 1989; Singh e/a/., 1994; 
Ahmad and Mirza, 1995; Zhiming et al, 1996), USA (Deahl et al, 1991; 1995), 
South America (Brommonschenkel, 1988; Nustez, 1999), Canada (Chycoski and 
Punja, 1996; Daayf and Piatt, 1999; Deahl and Jones, 1999) and Africa (Goodwin 
and Fry, 1991; Fry et al, 1992; Sengooba and Hakiza, 1999). However, there are 
still few pockets left where Aj mating type has not yet been recorded so far. They 
include the countries like Columbia, Peru, Ecuador and Australia (Fry et al, 
1993; Forbes et al, 1997; Nustez, 1999). 
Discovery of Aj mating type outside Mexico has been ascribed to recent 
migrations of P. infestans from Mexico to rest of the world (Fry et al, 1993). The 
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mechanism of migration was probably through infected seed tubers. Niederhauser 
(1991) has established the connection of new strains of P. infestans with Mexico 
through the import of large quantities of tubers by Western Europe. From Europe 
the fungus spread to other contries via infected seed tubers (Fry et al, 1993). 
Despite introduction of A2 mating type in different parts of the world its 
further build-up vis-a-vis the old population (A, mating type) has not followed 
a definite trend. Marshall-Farar et al. (1988) reported that Aj mating type in 
Wisconsin region (USA) are more aggressive and fast displacing the old 
population i.e., A, mating type. Fast displacement of A, mating type by A2 mating 
type has also been reported in USA (Deahl et al, 1995), Canada (Chycoski and 
Punja, 1996; Peters et al, 1998; Daayf and Piatt, 1999), Israel (Grinberger et al, 
1989) and Japan (Mosae/a/., \99\\K.6h. et al, 1994). Inmost of the European 
countries build-up of Aj mating type is slow (Therrien et al, 1989; Gotz, 1991; 
O'Sullivan and Dowley, 1991; Andrivon et al, 1994; Day and Shattock, 1997). 
In India, present studies have revealed that the Aj mating type is fast 
displacing the A, mating type, but the pace of displacement varied from region 
to region as was the case with Canada (Chycoski and Punja, 1996). Displacement 
was complete in North- eastern hills by 1998, whereas in North-western hills the 
pace of displacement was slightly slow (90.9% frequency of Aj mating type in 
1997). On the other hand, Aj mating type was recorded only at few places in sub-
tropical plains. Its frequency at these places was still lower (36.8%). Differential 
build-up of A2 mating type in different climatic zones in India can be ascribed to 
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varying weather conditions. In North-eastern hills the weather remains congenial 
for late blight development almost throughout the season which might have been 
responsible for fast multiplication of A2 mating type within a short period of time. 
The weather in North-western hills is, however, moderate and it becomes 
congenial for the fungus for 2-3 months as against five months in North-eastern 
hills. This gives little less time to the fungus to multiply over time as compared 
to North-eastern hills which is reflected in the form of slow displacement of the 
A, mating type. Sub-tropical plains normally do not favour late blight 
development. Its only in few years that the weather becomes congenial for late 
blight development, but for a very short period (1-2 weeks) (Singh and 
Shekhawat, 1999; Khan and Hamid, 2000). Since the fungus gets little time to 
multiply over, the new strain (Aj mating type) expectedly took longer time to 
multiply and manifest itself (Sharma and Singh, 1999; CPRI, 1999). Apparently 
for this reason, Aj mating type has been reported from three locations only in 
Indian sub-tropical plains (Modipuram, Patna and Jalandhar). It is believed that 
population of Aj mating type will continue to remain low in the years to come. 
Non-detection of Aj mating type at most of the places in sub-tropical plains does 
not mean that it has not been introduced there. In view of the free flow of seed 
material from one region to another, the A2 mating type might have reached all 
the nook and comer of the country. It might take little more time for its 
population to cross the threshold level. 
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Population of the two mating types may also vary within the crop season. 
Chycoski and Punja (1996) sampled P. infestans population in British Columbia 
at different periods in the crop season i.e., early, mid and late during 1993 and 
1994. They observed that during 1994, frequency of Aj mating type was highest 
in the beginning of the crop season. However, it was not the case in the following 
year when most of the isolates collected in the beginning of season were A, 
mating type. In the present studies, population of the two mating types was also 
fluctuated within the crop season. A, mating type was detected in low 
frequencies in the beginning of the crop season during both the years under study 
(22.7 and 9.1% in 1996 and 1997, respectively). In 1996, A, mating type was 
detected not at all during the crop season, whereas in 1997, it was detected almost 
in equal proportion throughout the crop season. Reasons for detection of A, 
mating type only in the beginning of season may be ascribed to its overwintering 
under Shimla conditions. Its non-detection in the subsequent crop growth stages 
might be due to high aggressiveness of Aj mating type (Chycoski and Punja, 
1996) which might had displaced it with the progress of season. This suggests 
that the new population (A2 mating type) may be more aggressive and fit than the 
old population. Fry (1999) also stated that the new strains are a greater threat to 
potato production than was the previously dominant P. infestans population. He 
further opined that epidemiology of late blight is being modified due to 
introduction and consequently the diversity of the new strains of P. infestans. The 
exact nature of changes to be brought about by the introduction of new strains 
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needs to be worked out in detail so that epidemiologist can make use of this 
informtion for managing this disease. 
Although scientists world over are unanimous that new population is more 
aggressive than the old one, but only a few studies have been conducted in this 
direction (Kato and Fry, 1995; Chycoski and Punja, 1996; Day and Shattock 
1997; Lambert and Currier, 1997). The present investigation is based on 5 
isolates each of A, and Aj mating types with seven potato cultivars detached 
leaves, whole plants, whole tubers and tuber slices. Aj mating type was 
significantly more aggressive than A, mating type. Variation in aggressiveness 
observed within the isolates of both A, and A2 mating types on the cultivars 
tested, indicated that P. infestans isolates have varietal preference. Similar 
observations have also been made by Day and Shattock (1997). They found 
mtDNA la and Ila haplotypes were more aggressive than type lb on cvs. Cara and 
Stirling, but not on Maris Piper. Similarly Metalaxyl sensitive genotypes were 
found more aggressive than insensitive genotypes on Cara and Stirling. Based 
on these studies they suggested that displacement of mtDNA type lb by la and Ila 
have been a result of lower aggressiveness and lack of complete insensitivity to 
metalaxyl in type lb isolates. 
Overall, Aj mating type was more aggressive than A, mating type but in 
the present study a few A, isolates were found which showed higher 
aggressiveness over Aj mating type isolates on some cultivars. Almost similar 
results were obtained by Miller et al. (1998) who reported significant variation 
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for components of aggressiveness among the isolates classified according to 
genotypes. For exmaple, US-8 (A2 mating type) had higher AULEC score 
indicating higher aggressiveness than that of US-7 (A2), US-6 (A,) and US-1 (A,) 
genotypes. 
Results from mixed inoculation of A, and Aj mating types in the present 
study revealed that Aj mating type gradually displaced the A, mating type over 
time. The populations of Aj mating type increased from 50% to 76.9% and 
81.8% on CVS. Kufri Chandramukhi and Kufri Jyoti, respectively after 13th clonal 
generation. By 27th clonal generation, A, mating type was completely displaced 
by A2 mating type on cv Kufri Jyoti suggesting that Aj mating type is definitely 
more fit and is comparatively more competitive than the old strain (A, mating 
type) (Kato and Fry, 1995; Kato et al, 1997; Miller et al, 1998). Chycoski and 
Punja (1996) subculturing a mixed colony of A, and Aj mating types recorded 
missing of A, mating type after 14 to 16 month and the entire colony was found 
of Aj mating type. 
Data on the late blight development on tubers under Indian storage 
conditions revealed that A2 mating type was comparatively more aggressive as 
compared to A, mating type. The differences in the two mating types were more 
pronounced in the beginning which were narrowed down with the increase of 
storage period. These results corroborate with the observations of Lambert and 
Currier (1997) who reported faster tuber rotting by A2 mating type particularly at 
early stage. They also observed variations arrong the isolates as occurred in the 
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present study. The lesion area caused by the isolates of Aj at 30 days was in the 
order of GT-2 > SH-9 > GT-4 > GT-3 > KCM(K)10 > GT-5 > KCM(K)13 > 
KCM(K14) > KCM(K)2 > PatnaC. This suggests that Aj mating type isolates 
may cause rapid rot to tubers under cold storage houses. 
The term aggressiveness has been used here as the ability of P. infestans 
to infect the host, colonize it and produce spores. This aggressiveness of P. 
infestans is moderated/conditioned by several factors out of which temperature 
and humidity are most important. Although effect of temperature on P. infestans 
and its ability to infect and cause the disease has been well understood, but there 
is hardly any information on the effect of temperature on aggressiveness of the 
two mating types (Mizubuti and Fry, 1998). The present study on the effect of 
three temperature regimes viz., 15, 18 and 2rC, aggressiveness of 4 isolates each 
of A, and Aj on detached leaves revealed that Aj mating type was more 
aggressive at all the temperatures tested than A, mating type but the differences 
were non-significant. This observation is in support of the study made by 
Mizubuti and Fry (1998) who observed new lineages, US-7 and US-8 to be more 
aggressive (overall as well as component wise) than old lineage. Interactions 
between temperature regimes x mating types, temperature regimes x cultivars and 
mating types x cultivars were also non-significant. However, aggressiveness 
varied with temperature regimes. Order of aggressiveness of A, or Aj mating type 
was 18°C > 2 r C >15°C, indicating 18°C to be most congenial temperature for 
disease development. The isolates within the two mating types showed wide 
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range of aggressiveness at different temperature regimes. The isolates KCM(K)2 
and GT-2 of A, and Aj mating types, respectively showed highest aggressiveness 
at all the temperature regimes and cultivars. 
Like aggressiveness, temperature also affects zoosporangial germination. 
Temperature lower than 20°C (optimum between 12-13°C) favours indirect 
germination of zoosporangia through the germination of zoospores released from 
the zoosporangium. Temperatures higher than 20°C (optimum 24°C) favours 
direct germination of zoosporangia without liberation of zoospores (Melhus, 
1915; Crosier, 1934). Mizubuti and Fry (1998) recorded lower germination of Aj 
mating type than the A, mating type. In the present studies, however, 
zoosporangial germination in Aj mating type was significantly higher than A, 
mating type at 10, 18, 20 and 23°C which indicated that zoosporangia of A2 
mating type would excel over Ai mating type as far as the efficiency of two 
mating type inoculum is concerned. 
Increase in the fitness components viz., IF, LA and SC revealed pivotal 
role of RH in the blight development (De Weille, 1964; Sparks, 1980). This 
holds true for both, mating types and cultivars. The Aj mating type scored over 
A| mating type at 85 or 100% humidity regimes and on the cultivars tested. 
Similar effect of RH as observed with regard to the composite fitness index (CFI) 
of the two mating types signifies the role of moisture in the disease development. 
This confirms earlier researches where aggressiveness of P. infestans irrespective 
of mating types increased with the increase in relative humidity (Crosier, 1934; 
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De Weille, 1963). Greater CFI score of Aj mating type over A, type as observed 
in the present study have conclusively proved that Aj mating type is more 
aggressive than A, mating type irrespective of the level of relative humidity. 
Intra-racial and single zoospore variation in P. infestans had been studied 
in great detail (Graham, 1955; Schultz, 1962; Caten and Jinks, 1968; Upshall, 
1969; Caten 1970; 1971 and 1974). Most of these variations have been ascribed 
to either spontaneous variability in single isolate (Caten and Jinks, 1968; Caten, 
1970) or adaptation to different host varieties (Upshall 1969; Caten, 1974). 
However, very little is known about the risk of using P. infestans cultures directly 
isolated from the field without developing single zoosporangial isolates, which 
has been considered in the present. Results revealed that A, isolate consisted of 
two races v/z., race 1.2.3.4.5.7.8.11 and race 1.2.3.4.5.7.8.10.11, whereas 3 races 
viz., race 1.2.3.4.5.7.8.10.11, race 1.2.3.4.5.7.8.11 and race 1.2.3.4.5.7.10.11 were 
detected in Aj mating type isolate. This indicated that if we do not develop single 
zoospore isolates before their use there are chances that we might be using a 
mixture of races instead of single race, which is prerequisite to carry out any 
specific study. Caten (1970) failed to detect any change in virulence due to 
spontaneous variability in a single isolate of P. infestans which means that in the 
present studies the likely source of racial variation in a single isolate can not be 
due to spontaneous variability. Most likely, mixed infection in the field seems 
to be the possible source of this variabilty. 
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Oospore biology of P. infestans has been a subject of intense study ever 
since the classical work of Smoot et al. (1958) and Gallegly and Galindo (1958) 
who for the first time reported that P. infestans produces thick walled oospores 
on culture media when the two opposite mating types were paired side by side 
and, as well as in host tissue. Since then, numerous studies carried out in Europe 
and America have confirmed the formation of oospores in culture medium. 
However, the present study is the first in its kind which has elucidated that P. 
infestans oospores can survive in nature uptil the next crop season under 
temperate highlands and serve as primary source of the disease. Viability was 
highest in the newly formed as compared to the buried oospores, which gradually 
decreased with increase in burial time. Other researches also show adverse effect 
of burial period on oospore viability (Pittis and Shattock, 1994; Drenth et al, 
1995; Zarzycka and Sobkowiak, 1997; Medina and Piatt, 1999). The extent of 
viability varied from region to region; being 7.8% after 10 months survival in UK 
(Pittis and Shattock, 1994), 5-15% after 12 months in Prince Edward Ireland, 
Canada (Medina and Piatt, 1999). However, in our studies very high percentage 
of oospore viability i.e., 81.3% was recorded in the newly formed oospores which 
decreased to 32.4% after 150 days burial, which resembles to the viability (40%) 
recorded by Medina and Piatt (1999) after 7 months burial. The differences in 
overall oospore viability under different region/countries might be due to 
variations in weather conditions, especially the temperature which has a 
significant effect on oospore viability (Pittis and Shattock, 1994; Drenth et al, 
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1995). In the present study, the MTT test proved slightly better over plasmolysis 
test as observed by Medina and Piatt (1999). 
Experimental evidences tend to suggest that oospores produced by self 
inducible (homothallic) species of Phytophthora are easier to germinate than 
those by cross inducing species (hetrothallic) (Zentmeyer and Erwin, 1970; Ko 
and Arakawa 1980; Shattock et ai, 1986a; 1986b). 
The germination was highest in the newly formed oospores (81.3%) and 
decreased gradually with increase in burial/storage period, being 32.4% after 150 
days. Other studies have also revealed decrease in oospores germination with 
increasing burial period (Smoot et al, 1958; Pittis and Shattock, 1994; Medina 
and Piatt, 1999) but the germination was, however, much greater in present study. 
It is difficult to extend plausible explanation for high oospore germination in the 
present studies except that the Indian isolates used were more efficient in 
producing viable oospores. 
As described above it is now established that P. infestans can reproduce 
sexually (Fig. 28-29) under artificial inoculation and produce thick walled 
oospores which can survive in nature and also germinate uptil the next crop 
season fuelling the speculation that they might serve as an other primary source 
of the disease. Several studies have demonstrated that P. infestans produces 
oospores in nature (Gotz 1988; Singh et al., 1998; Flier and Turkensteen, 1999) 
which overwinter in soil and serve as initial source of inoculum of the disease in 





























undertaken under Indian conditions. Our findings are in agreement of the existed 
information from temperate countries and have revealed that P. infestans 
oospores can overwinter in temperate highlands of Shimla (Himachal Pradesh) 
and initiate the disease by infecting potato plants at the base. The oospores took 
30 days to germinate and cause infection to plants. Stromberger et al. (1999) 
observed brown discoloration on the underground stem and tuber after one 
month. Role of oospores in disease initiaton was further confirmed by spore 
baiting experiments that resulted to the symptoms on tuber slices within 7-10 
days of inoculation. These results are almost in confirmity with the results of 
Flier and Turkensteen (1999) except that they observed late blight symptoms after 
4 days of incubation. The differences in time interval in symptom development 
in two studies could be due to use of different baits (potato leaves in case of Flier 
and Turkensteen (1999) against tuber slices) or different experimental conditions. 
Isozyme analysis has been used world over to characterize P. infestans 
population especially by using two isozyme viz., Glucose-6-phosphate isomerase 
(Gpi) Peptidase (Pep) because of the facr that both sexual and asexual 
populations are polymorphic at Gpi and Pep loci (Tooley et al., 1985). 
Isozyme analysis in the present study revealed that a total of 7 Gpi 
genotypes vzz., 90/90, 100/100, 111/111, 107/107, 100/111, 100/107 and 107/111 
and three Pep genotypes viz., 83/83, 92/92 and 100/100 were recorded in Indian 
population. Three Gpi genotypes viz., 107/107, 107/111 and 100/107 are unique 
and have not been reported so from anywhere in the world and therefore, are the 
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new additions to global marker database for P. infestans developed by Forbes et 
al. (1998). Indian population of P. infestans is highly variable at Gpi locus as 7 
genotypes were detected against the available 15 Gpi genotypes in the world 
(Forbes et al., 1998; Dorrance et al., 1999). However, all the Gpi genotypes 
consisted only of two alleles. Three allele Gpi genotypes were altogether absent 
which have been reported elsewhere (Goodwin et al., 1992; 1995a; Forbes et al., 
1998; Dorrance et al., 1999). 
Comparison of P. infestans population from sub-tropical plains and 
temperate highlands revealed that sub-tropical population was more variable (7 
genotypes) at Gpi locus as compared to temperate highlands population (5 
genotypes). Differences in Gpi genotypes were also observed within sub-
populations both in sub-tropics and temperate highlands. For example, in sub-
tropical plains, Gpi 100/107 was recorded only in Punjab, whereas Gpi 90/90 and 
107/111 were present only in Uttar Pradesh and Bihar. Simiarly in temperate 
highlands, Gpi 100/107 was specific to Himachal Pradesh. Genotypes Gpi 90/90 
and 100/111 were specific to sub-tropical plains and were not detected in 
temperate highlands. These findings are in agreement with that of Fry et al. 
(1991) who recorded variations among sub-populations in the Netherlands. 
Based on mating types and isozyme markers (Spielman et al., 1991) P. 
infestans population in India was categorised into 21 distinct classes. However, 
all of them were not prevalent in all the regions. These classes can be taken as 
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a distinct group for studying P. infestans biology and epidemiology since use of 
mating types and isozyme markers have been found reliable (Forbes et a/., 1998). 
Aj mating type was introduced in India in temperate highlands in 1990-91 
(Singh et al, 1994). However, in sub-tropical plains it was recorded in 1997. 
Since then population of Aj mating type is on the rise. It has almost displaced the 
old population (A, mating type) in temperate highlands, whereas in sub-tropical 
plains it is almost equal to A, mating type. The occurrence of two mating types 
in the same region tends to suggest that P. infestans might be reproducing 
sexually in nature. This has been confirmed by Singh et al. (1998) and Sharma 
and Singh, (1999). Obviously, the next question that arises is what is the role of 
sexual reproduction in P. infestans variability and epidemiology? In absence of 
isolates belonging to old population (Ai mating type) prior to introduction of Aj 
mating type in the temperate highlands, it was not possible to assess whether 
sexual reproduction was occurring in nature or not. This is, however, possible in 
sub-tropical plains, where isolates belonging to both old and new genotypes are 
available. Results revealed that old population in the sub-tropical plains, consisted 
of only two genotypes viz., Gpi 100/100, Pep 92/92, A, mating type and Gpi 
100/100, Pep 100/100, Al mating type. These two genotypes were prevalent upto 
1996. Aj mating type was introduced in sub-tropical plains in 1997. 
Simultaneously, new genotypes were recorded both in new as well as old 
populations. Detection of new genotypes immediately after Aj mating type 
introduction and presence of certain genotypes in both the populations also 
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suggest that P. infestans is reproducing sexually in nature. Similar observations 
were made by Spielman et al. (1991); Koh et al. (1994), Goodwin et al. (1995a) 
and Dorrance et al. (1999). 
Occurrence of unexpected genotypes like Gpi 90/90, Pep 83/83 in new 
population is difficult to explain based on the available genotype structure of A, 
and A2 mating types. Since, the sample size of Aj mating type in the plains was 
small (12 samples) it is likely that the unexpected genotypes (associated with Aj 
mating type) might have not been detected. Both Gpi 90/90 and Pep 83/83 
genotypes were present in the tropical highlands and there are every chances that 
these genotypes might have been introduced in sub-tropical plains through the 
movement of potato seed tubers. Overall the data has revealed that Indian P. 
infestans population is exclusively homozygous at Pep locus, whereas 13.5% of 
isolates were found heterozygous at Gpi locus. These results are not in total 
conformity with the findings of Shattock et al. (1990) who observed almost 100% 
homozygosity at Gpi locus and some heterozygosity at Pep locus. 
The study has revealed that P. infestans can reproduce sexually, producing 
thick-walled oospores, which can survive in nature and serve as an other source 
of primary inoculum of fungus. The study has also demonstrated that A2 mating 
type is rapidly displacing A, mating type. This is an alarming information 
because the new population is more competent and aggressive in attacking the 
crop and causing the damage to potato tuber not only in field but also in cold 
storage houses. 
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